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The Aircraft Maintenance Experiance Design -handbook was developed for the
Maintenance I'olicy and Engineering Division of the Naval Air Systems Command.
This Handbook presents guideline procedures for evaluating new aircraft
quantitative maintainability parameters, establishing weapon system requirements
and analyzing component designs.

The Aircraft Maintenance Fxnerience Design HanJWk is organized into three
parts. Parts I and II addressing maintenance at. both the Organizational and
Intermediate levels while Part III is primarily a discussion of component
installations at the Organizational level. Part I contains a description of the
technical analysis leading to the development of the Maintainability Index Model
(MIM). Part I1 provides the instructions for the application of the model for
establishing maintainability requirements and evaluating maintainability
predictions. Part II also provides maintainability data on various aircraft and
their systems which will aid the user in making procedure adjustments for
special aircraft applications. Part Ill presents quantitative and qualitative
information concerning the maintainability attributes of selected maintenance
significant component installations. Those installation characteristics that
have proven to be effective in expediting or simplifying maintenance are
highlighted.

The procedures are presented in a sequence to permit analysis for the total
aircraft, or down to aircraft system or component level. Design and maintenance
engineers can use this information for analyzing new systems and components or
those being considered for change.
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PREFACE

This report was prepared by Vought Corporation, Maintainability Engineering
Group, Logistics Engineering Section, Dallas, Texas. The project was conducted.
under contracts N00140-76-C-0025 and N00140-77-C-0091 and was monitored by the
Naval Air Systems Command, Airoraft Structures and Equipment Branoh, AIR-4114,
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AIRCRAFT MAINTENANCE EXPERIENCE DESIGN HANDBOOK

1.0 INTRODUCTION AND SUMMARY

The Aircraft Mainternanhe, 1nerience Djaign Handbook was developed for the
Maintenance Policy and Engineering Division of the Naval Air Systems Command.
The Handbook presents guideline procedures for evaluating now aircraft quantita-
tive maintainability parameters, establishing weapon system requirements and
analyzing component designs.

The J.rcraft Maintenance Experience Design ian.bogk is organized into three
parts. Parts I and II addreso maintenance at both the Organizational and Inter-
meaiate levels while Part Ill primarily discusses component installations at the
Organizational level. Part I contains a description of the technical analysis
leading to the development of the Maintainability Index Model (MIM). Part II pro-
vides the Instructiorr for the application of the model for establishing main-
tainability requirement- and evaluating maintainability predictions. Part II
also provides maintainability data on various aircraft and their systems which
will aid the user in making procedure adjustments for special aircraft applica-
tions. Part III presents quantitative and qualitative information concerning the
maintainability attributes of selected maintenance significant component instal-
lations. Those installation characteristics that have proven to be effective in
expediting or simplifying maintenance are highlighted.

The: procedures are presented in a sequence to permit analysis for the total
aircraft, or down to aircraft system or component level. Design and maintenance
engineers can use this information for analyzing new systems and components or
those being considered for change.

PART I. DEVELOPMENT OF THE MAINTAINABILITY INDEX MODEL - A TECHNICAL ANALYSIS

Section 2.0 presents a supplemental procedure to the 3-M Maintenance Data
Reporting System (Reference 18) converting Fleet reported data into a
"design-to" equivalent. A standard data reduction procedure is presented for
reducing raw 3-M data tapes into three classes of maintenance. This was done to
identify specific maintenance actions and time as either the responsibility of
the contractor that can be controlled through design or the responsibility of
the Navy that cannot be controlled through design. A computer routine was used
to establish the three classes. Class 1 identifies all Fleet reported mainte-
nance. Class 2 is an intermediate step to eliminate Navy responsible mainte-
riance acti,3ns. Class 3 identifies "design-to" maintenance achieved by elim-
inating Navy controllable maintenance time from Class 2 maintenance. This was
accomplished using data from the A-7A and F-14A maintainability demonstrations
which showed that a mathematical relationship exists between maintenance time
documented by technicians and maintenance time measured by monitors. Thus, this
section validates the need to adjust maintainability parameters by screening
maintenance actions and maintenance time.

Section 3.0 describes the derivation of the Maintainability Index Model
which shows that the maintainability characteristics of tactical Fighter/
Attack/ASW aircraft are directly related to design and performance parameters
and as the physical size, performance and capability of a weapon system varies,
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so does its maintenance requirements. Measurement of this relationship 1s
achieved through use of a Maintainability Index Model.

PART II. MAINTAINABILITY INDEX MODEL APPLICATION INSTRUCTIONS

Section 4.0 presents a set of weapon system Maintenance Manhours per Fight
Hour (MH/FH) conversion charts that allow the user to convert fleet reported
3-M data (Class I) to a "design-to" equivalent (Class 3). The total aircraft
MMHi/FH conversion chart shows that an increase in "design-to" maintenance is
magnified by a factor of approximately 2.5 in the operational environment.
These charts can be used to establish new aircraft MMH/FH requirements at the
weapon system level.

Section 5.0 provides a procedure for evaluating contractor quantitative
maintainability predictions at the system level using the Maintainability Index
Model. Techniques presented in this section can also be used by the Navy to

. establish system goals based on operational/mission profile and desired
technology improvements.

Tne model is presented at system level to conform to the usual responses to
HFPs (Request for Proposal) which are normally restricted to this level because
of the lack of detail design data. The primary output from the model is
displayed graphically for each system. Completion of the system worksheet and

* plotting selected results on the graphs enables the user to evaluate the
contractor predictions for a new system. The difference between model baseline
data and the contractor's prediction reflects the net maintainability

* improvement or degradation over the established (state-of-the-art) design.

A secondary use of the model is to aid in establishing new weapon system
requirements and system goals. Prior to the release of the RFP, operational/
mission profile data can be input to the model. Maintenance Index (M!1H/FH)
system graphs can be solved yielding baseline state-of-the-art values. The
addition of a desired percentage improvement over the baseline design will pro-
vide system goals for the new procurement. Summation of the system goals can be
used to establish total weapon system requirements.

PART III. EVALUATION AND ANALYSIS OF SELECTED COMPONENT INSTALLATIONS

Section 6.0 presents an analysis of the relationship that design and instal-
lation traits have on maintenance as experienced by the Fleet for selected
maintenance eignificant components. After component identification, which was

* based on maintenance frequency and manhour consumption, functionally similar
components were qualitatively and quantitatively evaluated on all nine aircraft,
allowing a comparison of both good and bad design features to be made. These
evaluations were based on what must be done to remove, replace, and functionally
check the item, i.e., how good was a particular design in facilitating mainte-
nance and how good was the product maintainability? Evaluations were made with-
out regard to cost, reight or acknowledged maintainability compromises, and
"therefore are representations of ideal maintainability.

Each of the functional component analyses has three sheets of data pro-
vided. The first is a tabular display of the 3-M maintenance data each aircraft
experienced during the selected time frame for the Work Unit Code (WUC) listed.1 The second is a graphical presentation of several parameters deeued the most

1-2



significant in describing the maintainability and maintenance costs of a
component. The third is a discussion of how the peculiar design traits of the
component impact Organizational level maintenance. Emphasis is placed on Remove
and Replace (H+R) time aa the "purest" measure of installation design effective-
ness. Recommendations are made to aid in establishing maintainability criteria
for application prior to component and weapon system design. This portion of the
Alrcraf AMaint•nanoe Exrience Desidn Handbook should be used in conjunction
with the Qiiitgte Maintenance Experience Handbook prepared for the Maint.-
nance Policy and Engineering Division, 20 October 1975. This Handbook contains
qualitative information on component installations on the same aircraft found in
this text. A P-3C/S-3A supplement to the Oualitative Maintenance Experience
-Ladkwk was prepared in August, 1977 and also should be used with the Design

4 Handbook.

1I. DATA DERIVATION

Baseline maintenance data used in this Handbook was derived from the Navy
Maintenance, Management and Material (3-N) System. The majority of the data
used in Section 6.0 was obtained from the Naval Aviation Logistics Center (NALC)
through the use of their ASMRA (Adjustment of Scheduled Maintenance Requirements
through Analysis) programs. Additional data, used primarily for development of
tne two-digit system Maintainability Index Model, and flight hours for the time
period covered were obtained from the Navy Fleet Maintenance Support Office
(FMSO) via raw 3-M data tapes and the Fleet Weapon System Reliability and
Maintainability Statistical (RAMS) Summary Report.

A list of references and a list of abbreviations and acronyms are provided
to enhance the readability of the Handbook. Appendix A is a data summary and
Appendix B is a Standard Work Unit Code (SWUC) Matrix, both taken from FMS0O data
on the eight aircraft analyzed in Section 5.0 of the Handbook. These aircraft
are the A-4, F-4, A-6, A-7, F-8, AV-8, F-14 and S-3. Appendix C summarizes a
special study on the mathematical relationship between reported and measured
maintenance task time on A-7A and F-1IA aircraft. Appendix D presents the
background of data used in Section 6.0 in the Handbook. Appendix E presents a
study on some of the factors that effect MMH/FH during the life cycle of the
aircraft.

Any questions concerning the use or derivation of information contained in
this Handbook should be directed to the Aircraft Structures and Equipment
Branch, Maintenance Policy and Engineering Division, Naval Air Systems Command,
Washington, D.C., 20361.
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PART I

DEVELOPMENT OF THE MAINTAINABILITY INDEX MODEL - A TECHNICAL ANALYSIS

2.0 CLASSIFICATION OF MAINTENANCE DATA

Part I of the Handbook presents a discussion on the development of the
Maintainability Index Model (MIM). The MIM is the tool used to provide baseline
maintenance requirements as a function of design constraints. Supporting docu-
mentation that follows is based on the assumption that the elemental activities
for a new eystem will closely resemble the systems for which data was collected.
Mathematics has been kept to a minimum, stressing simplicity in calculations and
evaluation procedures. The end product is an estimating technique relying
heavily on past experience but still responsive to new design technology
improvements.

The fundamental problem in developing a procedure for predicting and eval-
uating new aircraft maintenance requirements was to provide a standard criteria
of measurement acceptable to both the Navy and the ccntractor. The approach
taken in this Handbook was to use the 3-M Maintenance Data Reporting (MDR)
System (Reference 18) as a data source and develop a supplemental procedure
which converts reported 3-M data into a "design-to" equivalent and vice-versa.
Steps necessary to accomplish this include:

"o Discussion of 3-M data as a data source for evaluating contractual
requirements.

"o Identification of three classes of maintenance to aid in data analysis
and a discussion of pertinent maintenance actions and maintenance time
that can be controlled through design.

2.1 THE 3-M MAINTENANCE DATA REPORTING SYSTEM

Proper evaluation of aircraft maintenance data requires that attention be
given to the type of data being analyzed. It is generally recognized that there
are differences between a contractor's predicted quantitative maintenance data,
the maintenance data which is subsequently generated during a demonstration and
the data which the equipment user reports from operational experience. To
insure traceability between the various types of data generated, a standard
criteria of measurement had to be established to span the complete program
cycle. Predictions developed during conceptual, development and design rhases
must be validated during test and operational phases (Reference 13). Standard
terminology and approaches are required to insure "design-to" estimates relate
to "real world" data. It is important to avoid the problem of meeting contrac-
tual specification requirements but not achieving operational expectations.

The primary requirement in analyzing data is first, an understanding of
what is included in the data and second, what is the data to be used for. It is
necessary to know whether all maintenance actions and the associated times
reported on MDR forms (Reference 18) are included in the data or are certain
actions and times deleted. Furthermore, is the data going to be used to
evaluate a new aircraft design in a "real world" operating environment
(Reference 9) or under controlled demonstration conditions where incentives and
penalties are involved (Reference 1 and 20)?

2-1
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Just as aircraft weight can be classified Into specific categories, i.e.
empty, gross, clean, design, landing, so can aircraft maintenance. Using
"Weights" terminology as a guide, Figure 2.2 shows how the three classes of
maintenance were established.

•i GROSSWEIGHT • GROSS MAIN r AN

CONTRACTORBASIC OPER ESPONSIBLE CLASS 2

WEIGHT BASIC MAINT MAINT

DESIGN WEIGHT CONTROLLABLE CLASS3
DESIGN MAINT MAINT_

Figure 2.2 Woight/Makitenonc0 Terminology

The definitions that follow were based on a thorough analysis of the 3-M
MDR System. Table 2.1 expands on these definitions by listing specific 3-M data
codes included and excluded for each class of maintenance.

Class 1-M Reported Gross Maintenance is*4iefined as that effort expended
by assigned personnel in the actual performance oaf maintenance and support tasks
as documented on MDR forms VIDS/MAF and SAF. (Visual Information Display
System/Maintenance Action Form and Support Action Form.) Tasks include all
unscheduled, scheduled and support actions identified by Support Action Codes 01
through 09 and system codes 11 through 97.

Clas 2 Contractor Responsible Basic Maintenance is defined as that element
of Class 1 maintenance that identifies only those maintenance actions a
contractor has control over through a Maintainability (h) program plus the
respective maintenance time as documented on the VIDS/MAF and SAF. Tasks
include servicing, troubleshooting launch aircraft, corrosion prevention,
inspections and unscheduled maintenance actions but excludes operational
support, shop support, cannibalization, improper maintenance actions, and other
no defect related actions. Class 2 maintenance is an intermediate step necessary
in the data reduction process that eliminates Navy responsible maintenance

* "actions.

SClasp Contractor Controllable Design Maintenance is defined as that por-
tion of Class 2 maintenance that identifies the inherent maintenance actions and
maintenance time a contractor can control through the design of a weapon system.

-- Tasks include all Class 2 maintenance actions adjusted for contractor controll-
able maintenance time as determined from A-7A/F-14A maintainability demonstra-
tion results. Contractor controllable time is defined as the actual work within
t he designated work area. It includes preparation, access, fault isolation,
fault correction, adjustment/calibration, checkout and cleanup, but excludes

__1 travel to and from a job, minor maintenance delays, filling out forms and any
other activity inherently associated with delay time.
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* [l'he 3-M Maintenance Data [(eporting System was developed to report aircraft
4• mAintenance expenditures. It was not intended to provide "design-to" data to

wvaluate t.hu inherrnt. maintainahbility char'acterlsticq of' a weapon system. How-
've'', da ctývc.t(Jrl bt.twevri reported J-M data ,nd uqulvillent "design-to" data is

pouaoible through aeitvcted data reduction technique3. The technique used in this
Handbook was the establishment of classes of maintenance.

"2.2 THREE CLASSES OF MAINTENANCE

The Aircraft Maintenance ExDerience Design handbook presents a standard
data reduction procedure for reducing raw 3-H data into three classes of mainte-
nance. These classes of maintenance identify specific maintenance actions and
the documented maintenance time which are either the responsibility of the
contractor and as such can be controlled through design or they are the
responsibility of the Navy and cannot be controlled through design. Figure 2.1
shows a logic flow diagram depicting the separation of reported data into three
classes. A discussion on terminology, definitions and rationale follows.

RAW 3 M DATA ... MAINTNAC

SCOMPUTER

PROCESSI•NG

NAVY RESPONSIBLE ACTIONS CONTRACTOR RESPONSIILE ACTIONS
* NO nEFECT. I.ANNIIIALIZrTION 6 FAILURELS
* IMPROPER FAULTY MAINT(NANCE 0 CORROSION RFNIOVAL
* GROUND HANDLING PARKiNG;TOWING * REMOVALS TO FACILITATE MAINIENANCE CLASS?
* MANNING STANUBY AIIRCRAFT 0 INSPECTIONS MAINTENANCE
• CLEANING 0 SERVICING
* SHOP SUPPORT * CORROSION PREVFNTION
, ETC 0 ETC.

NAVY CONTROLLABLE TIME CONTRACTORI CON.ROLLALtE TIME

I RAVEL iO AND F RlOM A JOB P iiLPAhATIL)N
MINOR MAINTFNANCF DELAYS • ACCESS

SF Fit L ING OUr FORMS FAL ISLAI11N
' FAULT COIRNNCTION M4N[. FANCE

6 AOJUSIMUNT CALIBRATION

I CHL CK(OIJ t
[ CI EAN UP

Figure 2.1 Three Classes of Maintenance Logic Flow Diagram
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TAiDLE2.1 THU 3-M DATA REDUCTIONi PROCEDURE

CLASS TYPE
OF SYSTEM/TASK STO MACNT

MAINT WUIC CODE REMARKS
UNSCHEDULED MAINTENANCE ALL

9 Airfrarme/Fuseleget 11, 12
* Landing Geer 13
a Flight Controls 14

0 includes al: niintinarnce/support
* actions and time as reported in

references (9) and (15) and documerted on
*the V I CSMA F or SA F for card codes 01, 11

a Miscellaneous Systems 90 21 and 31 over a given timne period.

SCHEDULED MAINTENANCE ALL
is Inspections 03 ____

SUPPORT ALL
* Operational Support 01
* Cleaning 02
a Corrosion Prevention 04
* Shop Support 05

UNSCHEDULED MAINTENANCE ALL Excludes the following im defect,
* Airframe/ Fuselage 1 1, 12 cannibalization, irritioper/faulty mairit.
is Landing Geer 13 FOCI malfunction curies 030, 086, 087

*Flight Controls 14 092. 093. 106. 108, 158, 246, 301, 303,
* 304, 311, 424, 437, 440, 697, 698, 731,

758, 799, 801, 805, 807. 877, 878, 931.

* Miecellaneous Systems 90

SCHEDULED MAINTENANCE Excludes inspection codes 03E (acceptance/
is Turnairound/Preflight 03C C transfer). 03F (transient) and all other inspection

2 9 Daily/Special 030 0 codes with type maintenance codes A, 8. H, L,
"* Phase 03G G, P, 0 R, T'. U.
"* Conditional 03S S

SUPPORT Excludes support action codes: 010 (operational
*Servicing 012 A support), 011 Iground handling), 013 (mission
eTroubleshoot Launch A/C 016 A configurationi. 014 iground safety), 015 (manning
*Corrosion Prev'ention 04 A 5tendby aircraft), 017 (inertial Navigation System),

018 (FOD walkdownl, 019 (other?. 02 Icleaningi.
05, 06, 07. 08 and 09 (shop suppoitit .

Excludes inherent 3-M 1Jelay times lio ry class 2
maintenance that is iolinht~it cii tihe VIDS/MAF

3 SAME AS CLASS 2 SAF but is lot contiullahles throiij~h ilisiyn, a.e
travel to and from a iob, minnr maintenance dleI,~vt
fiiling out forms, etc. Values determined through
eqiuations listed in Figure 2-4.
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Definitions presented for the three classes of maintenance address aircraft
maintenance at the weapon system level which includes ischeduled and unscheduled
maintenance as well as support actions. Scheduled maintenance and support
actions will be treated in Section 4.0 with application to total weapon system
maintenance. The remainder of the Handbook will address unscheduled maintenance
as it relates to aircraft systems and components.

A logic flow diagram is presented in Figure 2.3 showing the 3-M data reduc-
tion procedure used in establishing the three classes of unscheduled mainte-
nance. Rationale is presented in the next two paragraphs explaining why certain
maintenance actions and maintenance time are excluded in the above definitions.

' ~RAW 3"M • CLASS 1I

DATA UNSCH EDDAAMAINT

DELETE NAVY
RESPONSIBLE +____ _____

MALFUNCTION CODES
(TABLE 2.21 MAINTENANCE

PARAMETERS
MMH/FH
MAIFH
MMH/MA
EMT/MA

CLASS 2 JMEN
UNSCHED 1MAINTENANCE

MAINTLEVEL ORGANIZATIONAL
INTERMEDIATE

DELETE NAVY
CONTROLLABLE
MAINTENANCE TIME
(FIGURE 2.4)

CLASS 3
UNSCHIED
MAINT

Figure 2.3 Classification of Unscheduled Maintenance

2.2.1 Maintenance Actions

OPNAVINST 4790.2A, Volume III, Appendix E (Reference 18) lists equipment
Malfunction Codes used on the VIDS/MAF for identifying unscheauled maintenance
actions. These codes are broken down into two categories: material and condi-
tional. Material Malfunction Codes describe the Navy definition of a failure
provided certain Action Taken Codes and other levels of data censorship are met
(Reference 9). Conditional Malfunction Codes identify a malfunction due to an
induced condition rather than an internal failure of the itern. Both categories
address malfunctions only from the standpoint of Navy operations. Two addi-
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tional categories are needed to identify Malfunction Codes applicable to
contractor considerations. They are (1) design induced malfunctions and (2)
operational induced malfunctions. Table 2.2 lists malfunction codes by
category. (Word descriptions of the codes may be found in Appendix D, Table
D-1 .)

TABLE 2.2 DISTRInUTIOIN OF NJAVY IALFUNJCTIONl CODES

MALFUNCTION CODESI NAVY I

001 - 999 MAINT ACTIONS

CONDITIONAL ýAALFUNCTIONS MATERIA

OTHER {NOI- FAILL'RE MALFUNCTIONS
030, 086, 087, 092, |799, 800,
093, 105. 1,14O , 142, J801, 803, "
158, 246, 301, 303, |804, 805, Alt NAVY

602, 651, 7JO, 731, 81
#78, 787. 877. 18.8
931

OPERATIONAL DESIGN OPRATIONAL DSGN

INDUCED INDUCED INDUCED INDUCLD
MALFUNCTIONS HALF MALFUNCTIONS HALF

030, 086, 037, 092, 105, 142, 106, 424,

093, i08, 158, 246, 44a , 602, 437. 697, ALL301, 303. 304. 311, 651. 730, 698 OTHER
440, 731, 758, 799, 787, E00,
FA0 , 805, 807, 8,7, 803. 804,
878, 931 806, 811

RI SPO() L L, ( LE RFSPONt'Ifi
MALf UNLT I ON', F n'A F UNC( ' I W

Si Design Induced Malfunction (DIM) Codes ide)ntify malfunctions a contractor

Shas influence over through a maintainability program. These malfunctions arc

primarily caused by limitations of a design whether intentional (forceu
removals) or unintentional (design deficiencies) . Operational Induced Malfunc-
tion (OIM) Codes identify certain material and conditional malfunctions that are
induced through porsonnel error or result from outside influences, i.e. improper
maintenance, foreign object damage, cannibalization, and other no defect related
actions. Maintenance actions resulting from these malfunctions sh(.'.d not be
charged to the contractor during a demonstration.

It is recognized that not every DIM code reported on the VIDS/MAF is attri-
buted to a design deficiency nor is every 01N code the result of improper mainte-
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nance. Limitations exist in all data systems that use 100% reporting by tech-
nicians assigned to perform and document maintenance. However, this procedure
presents a significant step in separating contractor responsible maintenance
actions from the total reported maintenance actions. The net result is a
procedure that provides data traceability and a basis for making comparisons
between aircraft.

Applying these ground rules to the eight aircraft used in the two-digit
analysis (Section 5.0), results show that only two-thirds (68%) of the Class 1
Organizational level maintenance actions expressed in terms of MA/FH (Mainte-
nance Actions per Flight Hour) are the result of Design Induced Malfunctions
(Class 2). At the Intermediate level, this value is 82%. It is concluded that
3-M maintenance actions must be screened if they are to be used to evaluate
maintainability.

2.2.2 Maintenance Time

Appendix C summarizes a Vought study on the A-7A and F-14A Maintainability
Demonstrations. Conclusions drawn from this study indicate that a mathematical
relationship exists between maintenance time reported by technicians in a 3-H
environment and maintenance time measured by monitors in a Fleet Supportability
Evaluation (FSE)/demonstration environment. This relationship is expressed by a
set of equations developed through regression analysis techniques, Figure 2.4.

PARAMETER ML EQUATION
MMH/MA 0 Y1 ý 0.1966 + 0.5797 1X1 )

EMT/MA 0 Y2 - 0.2126 + 0.5170 !X2 )

MMH/MA 1 Y3 ' 0.3026 4 0.6215 (X3)
EMT/MA 1 Y4 - 0.1606 + 0.6497 (X4)

WHERE, X - CLASS 2 MAINTENANCE TIME
V - CLASS 3 MAINTENANCE TIME

X-- Y - NA/Y CONTROLLABLE MAINT. TIME

Figure 2.4 Reported - Versus - Measured Time Relationships

Applying this relationship to the eight aircraft usea in the two-digit
analysis shows that only 62% of the Class 2 Organizational level maintenance
time expressed in MMH/MA (Maintenance Manhour per Maintenance Action) is attri-
buted to the inherent maintainability of the aircraft and as such is contractor
controllable (Class 3). The remaining 38% is attributed to inherent 3-M delay
time i.e., travel to and from the job, filling out forms, and other causes of
minor maintenance delays, and as such is Navy controllable.

Combining MA/FH with MMH/MA results in 4 6$ of the Class I 0-level unsche-
duled MMH/FH attributed as contractor controllable (Class 3). At I-level, this
value is 58%. The discussion in this section shows the need to screen
maintenance actions and adjust maintenance time when evaluating maintainability.

2-7
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3.0 MAINTAINABILITY TNDEX MODEL (MIM)

The prediction tool used to determine two-digit WUC maintenance values
involves the use of a Maintainability Ind,.x Model (HIM). The MIM projects
realistic maintainability estimates for Navy Fighter, Attack and ASW aircraft
for use during coneeptual and development design. The model is based on
regression analysis techniques which relate historical maintenance data (tNH/Y'H
and MA/FR) to design and performance parameters, i.e. weight, thrust, speed,
etc. This technique was used successfully by the Northrop Corporation in a
report on maintenance characteristics of United States Air Force tactical
fighter aircraft (Reference 11). Techniques from that study were modified and
expanded to include additional maintenance data. The result is that the MIM and
its complete set of index equations provides the Navy with a unique capability
to rapidly evaluate and predict new aircraft maintenance requirements.

3.1 GENERAL DESCRIPTION

This section discusses the procedure used to predict MMH/FHi, r4A/FH, MMH/MA,
EMT/MA and MEN at Organizational ("0") and Intermediate ("I") levels for a 3-M
(Class 1) and FSE (Class 3) environment. A logic flow diagram depicting the
derivation and operation of the MIM is presented in Figure 3.1. Section 3.0
also contains sample calculations and model validation.

3.2 MODEL DERIVATION

The maintainability characteristics of tactical fighter/attack aircraft are
directly related to design and performance parameters (Reference 10). Selection
of these parameters along with a valid maintenance data base was the first step
in developing the MIM.

3.2.1 Aircraft Parameters

It is recognized that increased performance of modern aircraft results in
increased maintenance requirements. Although the increase in maintenance is
probably due to increasing system complexity, accurate measure of complexity is
difficult to derive and to apply consistently. Through considerable research
and trial and error, a viable procedure which can accurately and consistently
measure system complexity was developed. Thi.s procedure, which is used in this
text, involves the use of design and performance parameters to establish a
relationship between increases in complexity and maintenance requirements.

The Fighter/Attack/ASW aircraft considered in the correlation analysis were
chosen because they provided a broad historical data base. Availability of main-
tenance3 data ana desig6 parameters were the main factors in the selection of
these late model aircraft. L[iuted below are thtc aircraft used in the two-digit
WUC analysis by type aircraft and year of first Fleet delivery:

A-4M 1971 F-)4J 1966
A-6E 1971 F-8J 1968
A-7E 1969 F-14A 1973

SAV-8A 1971 S-3A 1974

These aircraft possess the range and variation of design characteristics
necessary to produce valid estimating relationships. The empty weight of the

3-1



'J

- ~ * '~~.o
_ _ _ _ _ _ I

V-, 06z

J Lo

Wz Z z:

'3 10
rj riL

20..

> U.

4 -K 1iL!---

3-2



aircraft range from 10,400 pounds to 38,200 pounds; the maximum speed ranges
from 400 to 1300 knots and thrust ranges from 11,200 pounds to 41,800 pounds.
Selected aircraft are evenly distributed with respect to crew size (four
single-seat, three two-seat and one four-seat) and number of engines (four
single-engine and four twin engine).

Table 3.1 presents a list of those parameters that were found to be most
representative of an aircraft's design characteristics and were proven to be
statistically valid. Values shown were extracted from the following documents:

o USN Standard Aircraft Characteristics Charts
o Weight and Balance Reports generated by each contractor

Other, aircraft parameters that were considered, but rejected by the regression
analysis program because of poor correlation include:

o Weight, Environment Control System (ECS)
o Weight, Engine
o Speed, Minimum Landing
o Thrust per Aircraft
o Number of Fuel Tanks
o Fuselage Volume
o Service Ceiling
o Maximum Payload
o Utilization Rate
o Weight, Useful Load

3.2.2 Two-Digit Work Unit Code (WUC) Data Base

A 4 to 12 month FMSO data base was selected for use in the system analysis.
Raw 3-M data tapes obtained from FMSO were processed by comrfter programs into
four output reports: three concerning unscheduled maintenance and one concern-
ing scheduled maintenance. Each of the three unscheduled reports identified one
of the three classes of maintenance established in the previous section,
paragraph 2.3. The scheduled report identified scheduled maintenance for the
three classes of maintenance in one report.

o FRUMS RepQr.. The Fleet Reported Unscheduled Maintenance Summary
(FRUMS) Report depicted Class 1 maintenance. It identified historical
maintenance data as reported in an operational environment.

o CHUMS RepoCt. The Contractor Responsible Unscheduled Maintenance
Summary (CRUMS) Report was derived from the FRUMS Report with Navy
responsible malfunctions (Table 2.2) deleted. CRUMS data depicted Class
2 maintenance.

o .•U . port. The Contractor Controllable Unscheduled Maintenance
Summary (CCUMS) Report was derived from the CHUMS Report with Navy
controllable maintenance time (Figure 2.4) deleted. CCUMS data depicted
Class 3 maintenance.

"c SCHED Reoort. The Scheduled Maintenance Summary Report was derived from
Sthe raw 3-M data tapes. It identified scheduled maintenance and support

by all three classes of maintenance.

3-3
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Data from these reports were put into a Standard hUC Matrix (Appendix B) and
programmed into a Standard WUC Summary Report (Appendix A). Identification of
the time frame for the FMSO data base by type aircraft and corresponding flight
hours is presented in Table 3.2.

TABLE 3.2 FMSO DATA BASE

AIRCRAFT TIME PERIOD MONTHS FLT HRS

A-41 DEC 75 - MAR 76 4 7,160

A-6E DEC 75 - MAR 76 4 19,802
A-7E JAN 75 - DEC 75 12 106,225
AV-8A DEC 75 - MAR 76 4 5,944

F-4J DEC 75 - MAR 76 4 26.238
F-8J JAN 73 - AUG 73 8 14,087

F-14A DEC 75 - APR 76 5 12,133
S-3A JAN 75 - DEC 75 12 22,820

Selection of the two-digit WUC data base differed from the five-digit WUC
data base because of data availability. The 4 to 12 month data base was readily
available at the start of this Handbook from a previous Vought Research and
Development study. Acquisition of a more current and larger data base was
originally planned but had to be rejected in order to insure completion of this
handbook in a timely manner.

To verify that ;he 4 to 12 month data base was representative of mature
aircraft in an operational environment, a correlation test was performed which
compared sample data with a larger six year data base (Table E-1 of Appendix E).
The test was made using total weapon system unscheduled MMH/Fhi (NUC 11-97) as a
function of empty weight, one of the primary aircraft parameters that effects
maintenance. Results indicate that the 4 to 12 month data base was representa-
tive of a six year data base when taken collectively over the eight aircraft.
Figure 3.2 shows the results of this correlation.

A slightly lower degree of confidence existed at the system level where
more pronounced variations in system maintenance occur as a function of time.
however, the RFP requirements are made at the total weapon system level and not
at each two-digit WUC. Accuracy of system level predictions need not be exact
as long as the predictions are in the "ballpark" and their summation results in
realistic weapon system estimates. The 4 to 12 month FMSO data base used
provided this required accuracy.

3.2.3 Standard Work Unit Codes

Individual aircraft WUC's were converted to a Standard WUC format based on
guidelines presented in MIL-STD-780 (Reference 14) and NAILSC Equipment Cross-
Index Program (ECIP), (Reference 12). This was necessary to insure an adequate
two-digit system level comparison among the different aircraft. An example of
the variation in aircraft WUC systems is the Fuel Quantity Indicating Subsystem.
The A-4M, A-7E, and F-4J list the Fuel Quantity Indicating Subsystem in the Fuel
System (WUC ±46), while the A-6E, AV-8A, F-14A and S-3A list it under Instruments
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(W(UC 51). Furthermore, MIL-STD-780 lists fuel quantity under WUC 51 while ECIP
lists it under WUC 46. Differences such as these are resolved by using
MIL-STD-780 as preferred. Appendix B presents a Standard WUC Matrix developed
z;pecifically for this Handbook. Standard WUC's are presented to the third digiL
tor the eight Navy aircraft discussed in the system analysis.

3.3 MAINTENANCE INDEX ESTIMATING RELATIONSHIPS

The MIM uses a set of estimating relationships called Maintenance Index
(MI) equations developed through regression analysis techniques. These equa-
tions are used to determine system Class 1 Organizational level MMH/PH as a
function of' applicable aircraft design and performance parameters.

A statistical ranking order was used to identify those aircraft parameters
that reflect the highest coefficient of correlation and the lowest Standard
Error of Estimate(S) (References 5, 10). Parameters were selected based on
several factors: (1) the most statistically valid parameter, (2) the most valid
aircraft parameter and (3) the selection of two parameters for multiple
regression. This approach resulted in a set of equations which provided good
correlation with actual data. An example of the statistical approach for
determining MI equations is presented in the following paragraph.

3.3.1 Statistical Airframe/Fuselage Maintenance Manhours per Flight Hour
(MMR/Ffi)

Statistical Airframe/Fuselage (WUC 11, 12) MMH/FH at the Organizational
level is estimated by Equation (Eq.) 3.1. Data used in its derivation and
equation results are shown in Table 3.3.

MI = -0.2180 + 0.5692 ln (WTMT) + 0.8394 in (VMAX) Eq. 3.1
r = 0.97

. = 0.17
.0.34

TABLE 3.3 AIRFRAME/FUSELAGE ACTUAL AND EQUATION MMH/FH

MMH/FH
ACFT WTMT VMAX ACTUAL EQUATION
A.4M 10.4 0.537 0.400 0.593
A.6E 26.0 0.400 1.011 1.037
A.7E 18.9 0.506 1.071 0.883
AV-SA 12.0 0.525 0.741 0.655
F-4J 30.8 1.230 2.075 1.907

.F-8. 19.8 0.989 1.499 1.472
IF-14A 38.2 1.314 1.902 2.084

S-3A 26.6 0.410 0.834 0,901

The following definitions are presented to provide additional insight into the
nomenclature used:

o Maintenance Inoex (M) is defined as the ,,mount of MMH/Fh for the given
system as measured at the Organizational level.
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o M~iLEmotv (WTMT) is one of the applicable aircraft parameters for
this system as measure~d in thousands of pounds. Care should be takeri

* when solving the MI equation insuring that the proper decimal point
location is observed.

*o 11&aximum Speed (VMAX) is the second applicable parameter for this system
as measured in thousands of knots. Correct decimal point location must
be observed when solving the MI equation.

o C-rrelation Coefficient (r) is defined as the relative measure of
sensitivity between the dcoendent variable and the independent variable
as measured from 0 to 1 . The higher the coefficient, the closer "1r'
approaches 1, the better the data fit. Some systems required numerous
regression programs to be run in order to achlieve the highest "Ir" value
possible. Values between 0.95 and 0.99 indicate a very high degree of
correlation.

o Eta~~ r~ro.r _L. Etim3ate JU measures the average amount of
"1... .dispersion of the Y. .. [values] away from the line of relationship
between the X and Y. ..(variables]J... 11. The standard error also serves
to maasure the amount of error in an individual estimate. Assuming that
errors conform to a normal distribution, 95% of the errors would fall
within ±t2 standard errors of the predicted val.ue. Thus a 95% confidence
level can be found by using ±.2S which for this example is ±0.34 MMII/FH.

Figure 3.3 presents a complete list of the system Maintenance Index
equations developed for this Handbook. Aircraft parameter symbols listed are
defined in Table 3.5. A graphical presentation of each MI equation is presented
in Section 5.0.

STOD
WNUC SYSTEM MAINTENANCE INDEX EQUATIONS

11,12 AIRFRAME/FUSELAGE MI - - 0.7180 + 0ý5892 LN (WTMT) + 0,8394 LN (VMAX)
13 LANDING GEAR MI - 0.1738 + 0.0241 (WTLAND)
14 FLIGHT CONTROLS MI - -0.3963 4 0,0274 (WTMT) + 0.8036 (VMAX) + 0,569 (KWING)
23 ENGINE MI - -0.3960 + 0.0467 (THRUST) + 0.3414 (ENGOTY)
24 AUXILIARY POWER PLANT MI - 0.192 (KAPU)
29 POWER PLANT INSTL MI - -0.0943 + 0.0069 (THRUS T) + 0.1174 (ENGOTY)
41 AIR CONDITIONING MI -- 0.0717 + 0.0103 (WTMT) + 0.0364 (WTAVIN) + 0.1613 (K8LC)
42 ELECTRICAL MI - -0.1419 + 0.0259 (WTMT) -0.0485 (GENK VA)
44 LIGHTING MI - -0.2305 + 0.1652 (WAREA) +0.6472 IrUSLEN)
45 HYDRAULICS MI - -0.1260 + 0.0066 (WTMT) + 0.3671 (vMAX)
46 FUEL MI - -0.2947 + 0.1148 (FUEL) + 0.6060 (VMAX)
47 OXYGEN MI -0.034
49 MISC. UTILITIES MI =-.0.0275 4 0.0028 (WTMTI
61 INSTRUMENTS MI - 0.0465 + 0.2906 IWTAVUN)
56 FLIGHT REFERENCE MI - -0.0990 4 0.2182 (WTAVIN)
57 INTEG GUIU/FLT CONT MI -- 0.3225 + 0.1783 LN IWJTMT)
60 COMMUNICATIONS MI 0,0428 + 0.0104 iWTMT) + 0.0460 (WTAVINI
71, 72 NAVIWEAPONS CONTROL MI 1.3541 + 0.8715 LN IWTAVUN)
73. 74
75 WEAPON DELIVLHY MI 0.1503 + 0.0040 (WTmT() + 0.0367 IPYL OTY) +40.82 IKC.UN)
76 ECM MI - 0.0645 + 0.0104 (W I MT(

*90 MISC EQUIPMENTS MI - 0.0272 -0.0012 (WTMXTOI + 0.0191 (CREW) 4 0.014 (KCHUTEI

Figuro 3.3 Baseline 0 - Level MMH/FH Estimating Relationships

1.H. L. baisley, Statistical --- hg Lit'.lefield, Adams and Co., p. 179.
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A The predicted value calculated by each M1 equation is a "baseline" estimate
based on the maintainability characteristics of existing inventory aircraft.
For a new weapon system, a "predicted" estimate made by the contractor should be
less than the "baseline" estimate depending on the additional maintainability
features implemented in the de3ign. The measurement of the delta improvement is
discussed in paragraph 3.5.3.

3.4 FREQUENCY INDEX 6STIMATING HELATIONSHIPS

In addition to the MI equations previously discussed, the MIM uses a second
set of estimating relationships called Frequency Index (FI) equations. These
,quations are used to determine system Class 1 MA/FH at the Organizational level
;13 a function of applicable aircraft design and performance parameters. The
:;;,me rctgr',jiari te(hriiques u:ne(l to. develop MI equations: were used to develop Fl
equati.orns. An example ol' Lhe -;tat.istical approach for determining a aystem.
Frequency Index follows.

3.4.1 Statistical Airframe/Fuselage Maintenance Actions per Flight Hour (MA/FH)

Statistical Airframe/Fuselage MA/FH at the Organizational level is esti-
mated by Equation 3.2. Data used in its derivation and equation results are
shown in Table 3.4.

F1 = -0.2931 + 0.1800 ln (WTMT) +0.0525 ln (VMAX) Eq. 3.2
r = 0.971
S = 0.028

2S = tO.03 6

TABLE 3.4 AIRFRAME/FUSELAGE ACTUAL AND EQUATION MA/FH

MA/FH

ACFT WTMT VMAX ACTUAL EQUATION

A.4M 10.4 0.537 0.081 0.095
A.6 26.0 0.490 0.233 0.200
A-7E" 18.9 0.506 0.283 0.256
AV.SA 12.0 0525 0.125 0 120
F .4J 30.8 1.230 0.341 0.335
F-8J 19.8 0.989 0,233 0.243
F-14A 38.2 1.314 0.371 0.377
S-2A 26.6 0.410 0.210 0.250

Figure 3.4 prcsents a complete list of the system Frequency Index
equations. A graphical presentation of' each F1 equation is prtsentd in Secti.on
5.0. As with the Maintenance Index, the predicted value calculated by each FI
equation is a "baseline" estimate.
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STD
WUC SYSTEM FREQUENCY INDEX EOUATIONS
11,12 AIRFRAME/FUSELAGE F1 - -0.2931 + 0.1800 LN (WIMT) . 0.0525 LN VMAX)
13 LANDING GEAR Ft - 0.1019 + 0.1850 (KE)
14 FLIGHT CONTROLS FI - 0.0112 4 0.1183 (VMAX) + 0.022 (KWING)
23 ENGINE FI - --0.0194 +0,0023 (THRUST) + 0.0340 (ENGOTY)'
24 AUXILIARY POWER PLANT F1 - 0.037 (KAPU)
29 POWER PLANT INSTL F1 - - 0.0069 + 0.0023 ITHRUST) + 0.0028 (ENGQTY)
41 AIR CONDITIONING FI - 0.0019 4 0.0013 (WTMT) + 0.0072(WTAVIN) + 0.016 (KOLC)
42 ELECTRICAL F1 - -0,0100 + 0.0027 (WTMT) + 0.0092 (GENKVAI
44 LIGHTING F1 - -0.1458 -0.0333 (WAREA) + 0.4444 (FUSLEN)
45 HYDRAULICS F1 - 0.0191 + 0,0361 (VMAX)
46 FUEL F1 - 10.0056 + 0.0465 (VMAX)
47 OXYGEN F1 - 0.V19
49 MISPC UTI..ITIES FI - -0.0036 + 0.0004 (WTMT)
51 INSTRUMENTS FI - 0.0360 + 0.0467 (WTAVUN)
56 FLIGHT REFERENCE F1 = --0.0106 + 0.0483 (WTAVIN(
57 INTEG CUID/FLT CONT F1 . 0.0376 + 0.0201 LN (WTAVUN)
60 COMMUNICATIONS F1 - 0.0194 + 0.0037 (WTMT) + 0.0190 (W1 AVIN)
71. 72 NAV/WCAPONS CONTROL FI 0.3616 + 02379 LN (WTAVUNI
73,74
75 WEAPON DELIVEHY F1 - -0.0087 4 0.0006 (WTMT) + 0.0034 (PYLOTY) +-0.017 (KGUN)
76 ECM FI - --0.0049 + 0.0016 (WTMT)
90 MSC EQUIPMENTS F1 - -0.0057 -0.0003 (WTMXTO) + 0.0207 (CREW) + 0,007 (KCHUTE)

Figure 3.4 Baseline 0 - Level MA/FH Estimating Relationships

3.5 MODEL OPERATION

The Maintainability Index Model (MIM) is a mathematical tool for estimating
maintenance requirements for a new weapon system. Execution of the MIM is
accomplished by solving a set of index equations and general mathematical rela-
tionu.hips. Inputs include applicable aircraft design characteristics, system
constants and contractor predictions. Outputs include MMH/FH, MA/FH, MMH/MA,EMT/MA at 0 and I levels for a 3-M (Class 1) and FSE (Class 3) environment. A
logic flow diagram depicting the operation of the HIM is shown in Figure 3.1. A

discussion on model operation follows.
3.5.1 Aircraft Design and Performance Parameters

As the physical size, performance and capability of a weapon system varies,
so does its maintenance requirements. The MIM is built around a set of 21 air-
craft parameters that were determined to be the primary design characteristics
that effect aircraft maintenance. In addition, values for these parameters are
"readily available during conceptual and development design phases. Table 3.5
presents a list of those parameters along with F-18A predicted values used as an
example.

II1
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TABLE 3.5 AIRCRAFT PARAMETERS

1 F-i BA
SYMBOL AIRCRAFT PARAMETERS _______ EXAMPLE

WAREA Area, Wing -10 foet .9

KAPU Auxiliory Powear Unit Factor'

XBLC Boaundary Layer Control Factor, 0

CREW Crew Size I
KCI4UTE Dreg Chiute Factor* 0

FUEL Fuwal Capacity, Internal - 103 gals 1.615

0JFNKVA Generator Electrical Power - 102 '(VA BC0
KGUN Gun Factor* 1.0

KE Kinetic Energy ýWTLAND X VMIVIN2 ) -109 lbs-kfots
2  .348

FUSLEN Length, Fuselage -1.02 feet.5
ENGOTY Number of Engines 2

PYLOTY Number of Pylons 9
VMAX Speed, Maximum at Altitude -103 knots 1.085

VMI N Speed, Minimum Carrier Approach -103 knots 130

THRUST Thrust per Engine ljninstalled -103 lbs 16.000

WTAVIN Weight. Avionics Installed -103 lbs 1.293

WTAVUN Weight, Avionics Uninstalled -103 lbs 1.060

WTMT Weight. Empty -10 3 lbs 20.583

WTLAIJD Weight, Landing Clean - 103 lbs 23.083
w~rmXTO Weight, Maximum Take-Off -103 lbs 50.064

KWING Wing Sweep Factor' 0

1 IF APPLICABLE. 0 IF NOT

The first step in analyzing the maintenance requirements of a weapon system
is to complete a worksheet for the weapon system under consideration, similar to
Table 3.5, using the aircraft parameters cited therein. After that, maintenance
estimates (baseline and predicted) for each system can be determined using
techniques presented in Section 5.0.

3.5.2 System Constants

Glass 1 0-level MHH/FH and MA/FH are the two maintainability parameters
determined through regression analysis techniques. The remaining parameters are
calculated using general mathematical relationships and system constants where
regression analysis techniques were considered but rejected because of invalid
correlation results and to minimize handbook complexity.

S3ystem constants are averages based on historical maintenance data concern-
ing past performance. 11.. .The assumption is made that the elemental activities
for a new system will closely resemble the systems for which data Was
collected',2. That is, if' a given system averages 1.5 Men per Miaintenance
Action, then the same n~umber of men will be required for the new system.
Exceptions require maintainability documentation. D)efinitions of system
constants plus sample calculations follow.

2. D. DI. Gregor, Donna F~. harmon, Patricia A. Pate, "Paint ainab~iity Estimating



Manning Hatio 0(R) is defined as the average number of men required per
unscheduled maintenance action. For each system, a Class I MR is determined by
averaging individual aircraft Class 1 MEN per Equation 3.3.

n

MR : MENi Eq. 3.3

where,

MR Average number of men per maintenance action per given system
MEN = Average number of men per maintenance action per aircraft

n = Number of aircraft used in the regression analysis
i = 1 , 2, 3 ..... n

Class 1 MR is used in the MIM to determine EMT/MA for a new aircraft as

shown by Equation 3.4

EMT/MA : MMH/MA " MR Eq. 3.4

Maintenance Index I-Level Ratio (.MIJ) is defined as the ratio of I-level MMh/FH
to O-level MMH/FH. Individual aircraft MIIR's are summed and averaged as shown
in Equation 3.5.

n MMH/FHI

-1• MMH/FH0

MIIR n Eq. 3.5n

where,

MMH/FHO = MMH/FH at 0 level

MMh/FHI = MMH/FH at I level

Using the Airframe/Fuselage System (Table 3.6) as an example, Class 1 MIIR was
calculated as follows:

MW/FvnI * + / .... + M /F'I
K A{I / H I ý _7o_ MM' "M } / • . i l F H o 0

1A-M A-6E A-7E 8-3A

0.022 + 0.0_ 3 + 0.151 + + 0...0
o.0 1.io0 1.071

8

0.055 * 0.042 * 0.14i + .... ÷ o.o60
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Class 1 MIIR is used in the MIM to det..ermine 1-level MMH/FH for a new
system design as shown by Equiftion 3.6.

MiHii MMHIO X MIli Eq. 3.6

eal L L _ x i at±s__ ) is defined as the ratio of 1-level MA/FH to
O-level MA/FH. ln&0vicual I1H's for each aircraft are summed and averaged per
Equation 3.7.

MA/FlO i

FI R = . ..- Eq. 3.7
n

Using the Airframe/Fuselage System as an example, Class 1 FI11 was calculated to
be 0.07.

Clas1s 1 ýI1R is used in the MIM to detevrmine 1-level MA/L. For' a now sy:tem

using Equation j.6.

MAIFPI = MA/FH0 x FIIH Eq. 3.8

Maintenance Index Defeat Ratio (MIDR) is defined as the ratio of Class 3 O-level
MMH/FH to Class 1 U-level MMH/FH. It identifies that portion of Class 1 mainte-
nance considered contractor controllable through design. A MIDR is determined
for each system by summing and averaging the individual aircraft MIDR's per
Equation 3.9.

Class 3 O-Level MMH/FH

Class 1 O-Level MMH/FH

MIDR - Eq. 3.9

"Using the Airframe/Fuselage System (Table 3.6) as an example, MIDR was
calculated as follows:

3.0 ~ +*. 3+ + ThLQ3.
- 1.0 l.h M F 1 , -rKHF30s-A

' DR - A161 5_12.

0.200 + ....

8.3

* * 0. 5 0.5?2 . 0.4,,

0o54
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The MIDN is used to determine 'he Design Maintenanoe Index scale for the MI
graphs of Section 5.0.

•relQuency Index Defle.o Ratio (FIDE) is defined as the ratio of Class 3 0-level
MA/FH to Class 1 0-lavel MA/FH. It identifies th&t portion of Class 1 mainte-
nance actions classified as Design Induced Malfunctions. A FIDR is determined
for each system by summing and averaging individual aircraft FIDE's per Equation

3.10.

ni Class 3 O-Level MA/FH

FClass 1 0-Level MA/Fh

S' DB . ...... . .Eq. 3.10
n

Using the Airframe/Fuselage System as an eAample, FIDR was calculated to be
0.79. This means that 79% of the reported 3-M data is coosidered contractor
controllable through design. The remaining 21% is primarily attributed to no
defect, cannibalization and missing fastener maintenance actions and is
considered Navy controllable. The FIDR is used to determine the design
Frequency Index scale for the FI graphs of Section 5.0.

3.5.3 Technology Improvement Index

"Maintainability estimating techniques must be responsive to - design
technology advancements as well as design parameters and historical maintenance
data'-3 . The MIM calculates baseline maintenance requirements reflecting
state-of-the-art technology and its corresponding R&M effort. The model is also
receptive to advances in design technology. Inherently, an increase in aircraft
performance results in an increase in maintenance requirements. To minimize or
reverse this trend, greater emphasis must be placed on R&M through technology
improvements. This relationship is shown in 6igure 3.5.

2

SW
S

w
Z

TECHNOLOGY IMPROVEMENT,-i= %O

S~Figure 3.5 Maintonance Requirements (Rd. 10)

•: •3. IA=., p.23.
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Engineering improvements which reduce ma.ntenarnce resources and frequency
of maintenance in a new design are measured by the Technology Index (TI). Using
data from the MIM and predictions made by the contractor, a Technology Index can
be calculated for each system per Equation 3.11.

EMMH/FH - PMMH/'FH Eq. 3.11
MMH/FH 100%

where,

TI Technology Improvement Index
PMMH/FH Predicted MMH/FH
BMMH/FH Baseline MMH/FH

Using the Airframe/Fuselage System as an example, Class 1 O-level MMH/FH
Technology Index for the F-18A was found to be 53%.

TI 1 .572-0. 7L6 x 100% = 53%
1.572 1

where 0.746 is the 3-M equivalent MMH/FH of the contractor's predicted 0.403
value. (Refer to Section 5.0, paragraph 5.1.3 for additional information.)
This indicates that the contractor predicts the F-18A Airframe/Fuselage System
to be 53% better than a comparable state-of-the-art design. Substantiating
documentation for achieving this prediction should be presented through
qualitative maintainability features in the contractor's proposal.

Technology lndexes for MA/FH, EMT/MA and MMH/MA are determined in similar
fashion and are discussed in Section 5.0, paragraph 5.1.3.

3.6 MODEL VALIDATION

Validation of the MIM is achieved by comparing actual data with calculated
values. The primary outputs of the model are maintenance estimates measured in
Class 1 O-level MMH/FH and MA/FH by two-digit NUC.

System validation is presented in Section 5.0 by two-digit WUC. Most all

systems show Correlation Coefficients in the high 90's indicating excellent data
correlation. Validation at the weapon system level is achieved by summing
actual and oalculated system values (WUC's 11-90) and comparing results. Figure
3.6 shows model validation for MMH/FH using only those aircraft used in each
system equation. A similar validation was done for MA/FH with excellent
correlation results (r 0.99).
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PART II

MAINTAINABILITY INDEX MODEL APPLICATION INSTRUCTIONS

4.0 WEAPON SYSTEM ANALYSIS

Part II provides the instructions for the application of the
Maintainability Index Model (MIM) in establi-shing maintainability requirements
and evaluating contractor predictions. Aircraft maintenance is addressed at the
weapon system level (Section 4.0) and at the system level (Section 5.0).

This section addresses maintenance expenditures at the weapon system level
for selected Navy Fighter, Attack and ASW aircraft. The parameter most often
used to measure maintenance at this level is MNH/FH because it takes into
consideration frequency of maintenance, repair time and manning requirements.
Historical data will be analyzed and the results will be used to derive a set of
MMh/FH conversion charts. These charts have two applications: (1) to convert
"Class 1 Gross Maintenance to Class 3 Design Maintenance and vice-versa and (2)
to aid the user in establishing MMh/FH requirements for a specified design
Technology Improvement factor.

Since contractual requirements on new aircraft are normally made at the
weapon system level, it is imperative that the characteristics of MMH/FH be
investigated and the findings made known. Appendix E presents a study on some
of the factors that effect MMH/FH during the life cycle of an aircraft. Such
variables as failure rate, aircraft utilization rate and weapon system age are
investigated and their impact on MMHV/FH should be considered when establishing
program requirements.

60 CONTRACTOR ESTIMATE
"4 PRIOR TO FIRST FLIGHT

" UNSCHEDULED

611 ] S.CHLfiOt El

p•_•SUPPOH1

40 -- CLASS I MAINT F]S~3M CRITERIA

3MCLASS 3 MAINT

30 DESIGN CRITERIA

. ~MMH/FH-.

20 -

XX
0 1 <' • .

A4M A6E A7E AVSA F4J FSJ 14A S3A CUM
AVG

Figufe 4.1 Aircraft MMH/FH Classification
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4.1 ANALYSIS OF WEAPON SYSTEM MAINTENANCE

Figure 4.1 shows a graphical presentation of historical MMH/FH data from
the MIM historical data base (Appendix A). For each aircraft, two classes of'
maintenance and three types of maintenance are shown. Analysis indicates all
aircraft tend to exhibit similar distributions between type maintenance
categories and between both classes of maintenance. This is not surprising
since only the MMH/FH values vary while the ratios remain approximately the
same, A proportional amount of Navy controllable maintenance actions and time
are deleted from each aircraft by converting from one class of maintenance to
another. The cumulative average MMH/FH for all aircraft shows that the ratio of'
Class 1 to Class 3 maintenance is approximately 2.5 to 1. Applying this ratio
to a new design, an increase In "design-to" maintenance is magnified by a factor
of 2.5 in the operational environment. Also shown in Figure 4.1 are the
contractor estimates prior to first flight. It is interesting to note that
although these estimates were based on different ground rules, each tracks
fairly close with Class 3 historical data. In summary, the technique used to
"convert Class 1 to Class 3 maintenance criteria appears valid.

The cumulative average results of Figure 4.1 can also be displayed in
pie-chart form as shown below (Figure 4.2).

CLASS 1 MAINT -
3-M CRITERIA

NAVY
CILAT60% CONTHOLL ABLESUP H MAINT

37% HE!) D CLASS i CLASS3
( B UN£L"HED ¢4 0',,',ý

4NSH' f CLAS 3 ýCONTRACTOR
CLASS 3 CONTROLLABLE

0MAINT

SUPPORT 28%
20% SCHED
SUPPORT

21% 11%UNSCHED
52%

UNSCRED SCHED
CLASS 3 MAINT -

"DESIGN.1O" CHITI RIA

Figure 4.2 Class I - Versus -. CIass 3 Maititm.irct:

The breakdown of Class 1 maintenance indicates that unscheduled MMH/Fh accounts
for less than half the total maintenance expenditure. Support actions are
another high contributor to total maintenance since they are a function of
unscheduled maintenance. For every one unscheduled MMh/FH reported, approxi-

* mately 0.8 support M.H/FH are required. Classifying total maintenance another
vay, 40% is contractor controllable while the remaining 60% is Navy controllable
maintenance. What this means is that: (1) only 21% of the reported unscheduled
maintenance ('45%) is considered Class 3 Contractor Controllable Design
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Maintenance, (2) only 11% of the reported scheduled maintenance (18b) is con-
tractor controllable and (3) only 8% of the reported support actions (37M) is
contraotor controllable. These numbers are cumulative averages of the eight
aircraft and may vary somewhat between aircraft. For more exact values, MMH/FH
conversion charts need to be developed.

4.2 MAINTENANCE MANHOURS PER FLIGHT HOUR CONVERSION CHARTS

The relationship between Class 1 MMH/FH and Class 3 MMH/FH at the weapon
system level can be expressed through a set of four conversion charts. These
charts will enable the user to rapidly convert Fleet reported data to a design
equivalent and vice versa. In addition, these charts can be used to establish
requirements for RFP's.

Figure 4.3 depicts a conversion chart for unscheduled 0 and I MWH/FH.
Regression analysis techniques were applied to the MIM data base (Appendix A) to
determine the slope of the lines for Class 2 and Class 3 MMH/FH. The difference
between the lines defines the type of 3-M data excluded in converting from one
class of maintenance to another. Similar charts for scheduled maintenance and
support are shown in Figure 4.4 and 4.5, respectively. The combined results of
these three charts are depicted in Figure 4.6.

Typical use of these charts as an evaluation tool follows. If a contractor
predicts his aircraft is "designed to" 7.5 total MMH/FH (Class 3), then using
Figure 4.6 this value would equate to 20 MMH/FH (Class 1) in an operational
environment. Or, if an aircraft is experiencing 28 MMH/FH in the Fleet, its
design equivalent would be 11 MMh/Fh. Similarly using Figure 4.3, a Class I
unscheduled MMH/FH of 8.0 would equate to 3.6 Class 3 unscheduled MMH/FH.

Typical use of' these charts for establishing requirements is as follows.
Preliminary operational/mission data input to the mouel indicates a certain type
"aircraft will exhibit 15.0 Class 1 unscheduled MMH/FH in an operational environ-
ment using state-of-the-art technology. The Navy specifies that a design
technology improvement of 40% is required in the next generation of aircraft.
This adjusts the baseline value to 9.0 Class 1 unscheduled MMH/FH. Using Figure
4.3, this equates to 4.2 Class 3 unscheduled MMH/FH as a "design-to"
requirement.

A few points on the use of these conversion charts are in order. First, it
is not the intent of this Handbook to have a series of charts used to evaluate
weapon system maintainability in lieu of a maintainability demonstration. Each
weapon system is unique and a formal demonstration/FSE is still required to
determine an aircraft's inherent maintainability or Class 3 MMH/FH. Second,
conversion charts cannot establish design technology improvements for a new
weapon system. Realistic and achievable MMH/FH requirements need to be
established.

4.3
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5.0 SrYSTEM ANAI.YSIS

_This oection of tne Hardoook presents the methodology and teohn~ques used
to evaluate a contractor's quantJ~tative maintainability predictions at 4he

two-digit WUC level. In asdition, 0he uner .an apply tkiese tachniqrms to
establish system goals and total weapon system requirements by specifying
desired design technology improvements.

The handbook is arranged numerically by WUC starting with the Airframe
System (WUC 11) and ending with Miscellancous Systeaas/Equipment (WUO 90).

Two-digit WUC evaluation is accomplished using techniques previousiv
described, predictions submitted i.y the contractor and methodology presented in
this seution. Thirty-five systems are classified into a Standard WUV (Ap~pendix
b) and condensed into twenty-one system groups. Condensed groupings are neces-
sary to permit a valid statistical analysij of the data.

The methodology used to evaluate the maintenance requi.ements of a new
weapon system encompasses using historical data, regression analysis tech-
niques, graphical techniques, contractor predictions and an evaluation
worksheec. For each system group, a seriea of tables and 11sures consistent in
title and numbering are presented. To aid in understanding the methodology
presented, the F-18A contractor predictions (Refer'ence 8) are included as an
example. A brief discussion on the content of the tables, graphs and worksheet
follows. Refer to the Airframe/Fuselage System, paragraph 5.1, for sample
formats and a more detailed explanation.

o TWO-DIGIT WUC MAINTENANCE DATA SUMMARY (TIABIE 5.1-1)

This table contains historical maintenance data extracted from Appendix A
and used in the system analysis. Data is broken down into two classes of irain-
tenance and two levels of maintenance for five )arameters. All total, 22 quar-
titative va).ues are shown which describe the basic -maintenance requirements of
these aircraft. When the two-digit evaluatior for a new system is completed,
the informaticon provided in thi.- section wil. enable its user to generate a
similar set of values.

o REGRESSION ANALYSIS SUMMARY (TABLE 5.1-2)

This table summarizes the results cf a regression analysis program used to
correlate aircraft design and performance characteristics with historical main-

Stenance data. For each system, or group of systems, one or two applicable
design/performance parameters were correlated with Class 1 0-level MMH/Fh
(Maintenance Index). A similar %Xeatment was performed for Class I 0-level
rA/IFH (Frequency indpx). Statist.ial parameter results are included for each
index equation.

o SYSTEM MAINTENANCE INDEX GRAPh (FIGURE 5.1-i)

The Maintenarnce Index (MI) graph shows the relationship between baseLine
and predicted C-leve! MMH/FH requirements for a given design. The baseline
curve was developed from the regression equation presented in Table 5.1-2 ising

5-
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graphical techniques. The advantage of the graph is that it converts :,r,
abstract equation into an easy to understand visual picture. 1he sen-;itivity
of system maintenance is shown as a runction of aircraft speo-d, weight, thru.mt,
etc. Each graph has two PMH/FIi scahLes. The upper .4cale r:;i llcd Ju;.igri MI
identit'ties Class 3 maintenance. Tho lower :oa t, ca;llIed J-M Ml iCint. ill ai : ;.:;

I ma iinttn.ince. Convers i on between tht! two W-10.t I ,:1 i dete.,4,u I l d lthr,,,Jw.h I.h,.
Main tnanct•' Index Det'vet. Hatto which 1:3 uni(uiut for' cacti :ny:It.,im. :;l,:Lion -.1
the graph enaules the uner to (1) ideriLit'y the minimum acceptable naltL,.,
expenditure for the given design as measured in an operational crivironuierit., '•)
convert contractor predicted MMH/FH to a 3-M equivalent and (3) identify t.e
predicted improvement or, degradation over a baseline design. See paragraph
5.1.1 for a more detailed explanation on the procedure for evaluating a syst-..
Maintenance Index.

o SYSTEM FREQUENCY INDEX GRAPH (FIGURE 5.1-2)

This illustration is similar to the Maintenance Index graph except MA, FH
is plotted instead of MMH/ýH. See paragraph 5.1.2 for detail.;.

o WOHKSHiEt1T VOR LVALIJATING SYSTEM MAINTENANCE REQUIHEMENTS (WI.;OJHE J.1-0)

This worksheet is used in evaluating system quantit;,tivr, ,;inrti,;i,-
est.imates, 'or a new design. To simnplil'y use of' the workshe :t, L0. divLj,-.
into three parts. Part 1 calls for kPP response data. Fromru th,- ,:ertratr'
maintainability proposal, the user must extract predicted MIh/ýh, MA/]I ','r-
MFHBMA) and EMT/MA estimates by two-digit WUC at 0 and T level.:. In u±diti','.,
design/performance parameters applicable to each system are requirt-:d. .0
simplify this task, the user may request, the contractor submit a list .,

design/performance parameters ýTable 3.5) in his maintainability propos%-
volume. Part II identifies system constants applicable to each syste:'
Baseline constants were determined from the system historical data base.
Predicted constants must be determined using contractor estimates.

Part 11I of the worksheet presents the system analysis evaluation proc.:-
dure. The methodology shows how each maintenance parameter can be calculated
for baseline and predicted criteria plus identification of technology improv,-
ment :'actors. Full or partial completion of this part of the worksnheet is I, ""
to ithe discretion of" the Handbook u:,ter. All, or Just a rew param,.Ler':; ,:a, r
calculatud depending on the depth of' analy-sis requir,-d. Set-- para;graph ,..,
for a more detailed procedure on the calculation of system maintenance requirr:-
ments. The net output from this worksheet will answer the following qu,:stions:

1. Are the contractor's estimates in the "ballpark"?
2. how much maintainability improvement, in percent, is the contractor

predicting?
3. Do qualitative maintainability features presented in the contractor's

proposal substantiate these estimates?

Reproduced From
Best Available Copy,
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*.1 AIRFRA*;/FUS';ELAGE SYSTEM - WUC 1'1, 12

:,flutted Empt~y weight and maximum speed.

hU~ktr of' Reyr#'"LQ0 tldhons Hun: 9

Parameters Considered and Rejected: Crew size, maximum take-off weight, combat
weight and service ceiling.

Comments: Empty weight and maximum speed at altitude were the two design
parameters selected by the regression analysis program as having the greatest
effect on Airframe/Fuselage maintenance. Other parameters were considered and
rejected because of lower regression correlation or no impact on the data.

Regression analysis showed that as the weight and speed of an aircraft
increased, so did the Airframe/Fuselage maintenance requirements. Larger
aircraft with higher speeds required more maintenance to airframe structure
(corrosion removal) and to access panels (loose/missing fasteners).
"Surprisingly, the number of' ejection seats (crew size) in an aircraft was not a
statistically valid parameter.

A satisfactory regression equation could riot be obtained using the
iuselage System (WUC 12) alone. As a result, WUC's 11 and 12 were combined.

I5

'i 5.
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4 TABLE 5.1-2 REGRESSION ANALYSIS SUMMARY

WUC: 11 1? SYSTEM: Airframe/Fuselaqe

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WTMT VMAX
ACFT ERROR WEIGHI EMPTY MAX SPEED

_ACTUAL CALCULATED X 10 LBS X 1O3 KNOTS

A4M .400 .593 -. 193 10.4 .537
A6E 1.011 1.037 -. 026 26.0 .490
A7E 1.071 .883 .188 18.9 .506
AV8A .741 .655 .086 12.0 .525
F4J 2.075 1.907 .168 30.8 1.230
F8J 1.499 1.472 .027 19.8 989
F14A 1.902 2.084 -182 38.2 1.314
S3A .834 .901 -. 067 26.6 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI -0.2180 + 0.5692 In (WTMT)

+0.8394 In (VMAX)
CORRELATION COEFFICIENT r = 0.9686
STANDARD ERROR OF ESTIMATE S = 0.1717
CONFIDENCE LEVEL, 95% 2S 0.3434
NUMBER OF OBSERVATIONS N = 8

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WTMT VMAX
ACFT ERROR WEIGHT EMPTY MAX SPEED

ACTUAL CALCULATED X 103 LBS X 1O3 KNOTS

A4M .081 .095 -. 014 10.4 .537
A6E .283 .256 .027 26.0 .490
A7E .233 .200 .033 18.9 .506

AV8A .125 .120 .005 12.0 .525
F4J .341 .335 .006 30.8 1.230
F8J .233 .243 -. 010 19.8 .989
F14A .371 .377 -. 006 38.2 1.314
S3A .210 .250 .040 26.6 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.2931 + 0.1800 In (WTMT)

+0.0525 In (VMAX), CORRELATION COEFFICIENT r = 0.9711
STANDARD ERROR OF ESTIMATE S = 0.0280
CONFIDENCE LEVEL, 95% 2S = 0.0360
NUMBER OF OBSERVATIONS N 8 8

5-5
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1.1 I.1 Sample Proced.ure for Evaluattng Airframe/Puselage Maintenance Index
5 

- Figure 5.1-1

job Enter maximum speed or aircraft under analysis on the scale lobeted M*A!•NUM SP9ED Xio3"KNOTSO (Point I): fJJ knots (1,085 knOts).

2on Enter weight ampty on the scale label -W1EGHT EMPTY X103 L.S" (Point 2): 2J9.AU13 pounds

(20,583 pounds).

3 Draw line tram Paint I and from Point 2 until they intersect (Point 3).

4 From Poi:nt 3, drawa line parallel to the series of diagonal lines an the right side of the
graph wn Interseo•t the reference line (Point 4).

5 From Point 4, draw a horizontal line to the left intersecting the line labeled C
8
AZlXPZ*

(Point 5). The line represents the state-at-the-art curve for this system. Thie curve was
developed throug•, regression analysis techniques as shown in Table 5.1-2.

6 Drop a vertical line from Point 5 down to the lower scale labeled •-M MAINTENANCE INDEX - 0
LEVEL I9r/mN to determine the baseline 3-N Maintenance Index (Point 6) . This point
identifies the 0-Level PHN/rH expected for the $iven airoraft using existing stets-of-the-art
technology and average t effort.

Since this value will be used in worksheet caliculatiors, the user aay desire to s)lvs the
Maintenance Index (MI) equati•n shown on the graph for increased accuracy. The answer should
be carried to the third decimal point to insure sufficient accuracy in the system evaluation.

MI . -0.2181 . 0.5692 In (WTMT) + 0.8394 In (VKAX)
- -0.2181 . 0.5692 In (20.18j) * 0.8394 In (1.085)
- -0.2181 * 0.5692 (3,024) - 0.8394 (0.0815)
. 1.572 MMH/FH

Hecord the nnswer or the value from the graph (Point 6) in block Al of the workiheet (Fgure"5.1-3).
Fnter the contractor's predicted 0-LEVEL MMH0/FH on the DESIGN MAINTENANCE INDEX scale (Point

In this example the value uned is 0.403.

8 Drop a vertical line from Point 7 to the lower scale "3-M MAINTENANCE INDEX - 0 LEVEL MHN/FH•
(Point 8).

IThis point identifies the 3-M equivalent of the contrautor's prediction. For system
evaluation accuracy, the user may desire to solve the following equation:

Predicted 3-M MI • 1redicted flmn 1M = •fl
MIDR 0.54

0.746 MIM4/PH

Where the MIDR is the Meintenance Indei Defect Ratio. For this system the *,ID was

dotermned to be 0.54. This means tha 54% of the reported 3- data ta considered contra tor.
controliable through design. The remaining 46% in primsriy attrIbuted to the no defect andc.nnibalization maintenance actions plus inherent 3-M delay time, i.e. trrAvel to and rrom a
Job, minor maintenance delays, etc.

Recoý'd the answer or the value from the graph (Point 8) in block h1 of the worktshet.

Calculate the predicted t4 Technology Improvement (TI) Index over the baseline deslijn:

TI M Iaseline !.14 MT - Predicted ..M I'T x 100%
Baseline 3-M MI

1 2* j..- . 100% - 53%
1.572

A method to grarhlcally portray the TI is to exten.t the Line ronnecttng Points LI and 5 until

"it intersects rhe line connecting Points 7 and 8. The distanve between this intersection
'Foint 4) and Point 9 Identifies the predioted improvement over baseline desiljn.

i xample shows F-18A estimates.
"eSoee W1JC systems require an entry of only one parameter.

5i
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5.1.2 Sample Proedure fA& Evaluating Alr'ramai/Fuselage Frequency Index* - FIgure 5.1.2

If* Enter animis speed of aircraft under analysis on the scale Iabaeid IHNA1X•JN aiun X1O0
KNOT" (Point I ) .L.UI knots (1,085 nots).

2*0 Enter weight empty on the scale label "WEIGHT EMPTY 110
3 

L&II (Point 2): 2LM.1 pounds
(20,563 pounds).

3 Draw lines from Point I and from Point 2 until they Interseot (Point. 3).

4 From Point 3, drew a line parallel to the se.rie ot diagonal lines on the ri-ght ilde of the
greah and interest., the referenoe line (Point 4).

5 From Point 4, drai a horleontal line to the left intersectlng the line labeled *BASZLINUE
(Point 5). The line represents the stats-of-the-art curve for this system. This ocurve ws
developed through regreseSoA analysis techniques as shown In Table 5. 1-2.

6 Drop a vertical line froe Point 5 down to the lower scale labeled "3-H FREQUINCY INDEX - 0
LEYVL HA/FPH to determine the baseline 3-H Frequenoy Index (Point 6). Thli point identifies
the 0-Level A/FlH expected for the given aircraft using existing state-of-the-art technolosy
.nd average If effort.

Sint this value will be used In worksheet calculations, the user may desire to solve the
Frequency Index (FI) equation shown on the graph for inoreased arouraoy. The answer should
be cavried to the third decimal point to Insure sufficient accuracy in the system evaluation.

rF • -0.2931 + 0.1800 In (WTHT) * 0,0525 In (VMAX)
-0.2931 * 0.1800 In (?0.583) - 0.0525 In (1.085)
-0.2941 + 0.1800 (3.0244) + 0.0525 (0.0815)

1.256. HA/PH

""ecord the answer u. the value 'roe the graph (Point 6) in block AJ of the worksheet kFisure

7 Enter the cmntractor1s prodicted 0 LEVEL KA/FH on the DESIGN FREQUENCY INDEX scale (Point 7).
In this example the value used it 0.176.

8 Drop a vertical line from Point 7 to the lower scale "3-H FREQUENCY INDEX - 0 LEVEL NA/PH"
(Point 8).

SThis point identi•ies the 3-M equivalent of the contractor's prediction Vor system
evaluation accuracy, the user sty desire to solve the fo(llowing equation:

Predicted 3-M F1 . Predlatad DetA.A FT .
PriR 0.79

a 0.223 HA/,H

Where the FODR is the Frequency Indax Defect Ratio. For this systom the FPOR was determined
to be 0.79. This means thrt 79$ of the reported 3-M data Is considered contractor
controllable through deslgn. The remaining 21% is primarily attributed to the no defect
cannibalization, and missing fastener saintenarce actions.

Record the answer or the kalue from the graph (Point 8) in block BI of the worksheet.

CalcuLate the predicted H Technology Improvement (T) Index over the baseline desigr:

TI jA B-0Vne 3-M PIe

0r".256 -. 2..11 x 100% . 135
0.256

A method to graphically portral the TI is to extend the line connecting Points 4 and r until
it intersects the line connecting Points 7 and 8. The distance between this Intersection
(Point 9) and Point 5 identifies the predictQd improvement over baseline design.

VExaMple shows F-18A estimatee.
*3omse WUC systems rwquire an entry of only one parameter.
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5.1.3 Sample Procedure for Evaluating System Maintenanoe Requirements

A worksheet Is provided for use in evaluating system quantitative maintenanoe estimates for a
neq desoin (Figure 5.1,3). The worksheet is divided Into three parts to simplify Its use. 3aple
calOulations and Instruotions f3r tilling out the worksheet are shown below.

SMNWt05VtMV_ PART !. •lT5AL(fl TIAT

Extraot the folowlag estimate from the oontraotor's ,,Intinasbility propoa"It WIr/H, MA/IN
koonvert*d from MFHBMA) and Z .T/MA (PffR) for both 0 and I levels. Compute NMl/KA at 0 and I
levels and record values in AprropriAOe Dloolk, i.e.

IMlIK/•n •... NI•"I"HO . OO3. - 2.29

MA/FH 0  O.176

To provide consistency throughout the evaluati•n, caloulations should be rounded oft to the first

dIigit for MEN, to the Leoond dilit tor 1M01/MA and DRT/MA and t3 the third digit for 1MH9,/fH And
MA/'H. This wes the procsoui-e used in ileriving the Maintainablilty Index Model.

fill in the "Design/Performan"e Parameters* box with contractor estimates.

WORZMRPT PART Ti. .y�rSTEM QQNSTANTS

System constants are used to complete Part III of the worksheet. Baseline constants were

determined from the syste. historical data bast . Predicted constants must be determined using
•.nftractor 2$tlmtes:

MN, Average nmber cf Men per Maintenance Action at O-level

VIT MA, 1.4

MENI s Average number oe Men per Msintenancs Action at I-level

EMT/KAI 0.72

MIIR * halntenanc• Index I-Love' RaLio

• IH/PHI . 0.121 . 0.30

9" /•/Ho 0.403

FIR F Freqoenoy Index 1-Level Ratto

PtA/PH, . o063 .)3* .. ____ a 0.36

MA/F 0 O 01176

WORSHhEET PART ITT. SYSTFM ANALYSIS

Part III presents the Sy t eOM analysis k s'lu et. I1r pro cedure. Contractor "design-to"
* predictions are converted to a 3-M equivalent in order 'c oake a valid OOPAperison with baseline

Jat&. This procedure requires that selected maintanavn'e parameters be oaliulat•d for three

eateago: ifs:

A. Baseline Clesn I _-M_ 2ta identifies the linimUm acciptable maintenance expenditure for

the given design as Massured in an operationnI er~vironment. These values are determined
by the Maint•ir.ability Index Model.

B. Pradicted Class 1 1.1- Drit, identifies Z.he 3-M equivslent of the contractor's prediction.

ThasLi values are determined by using MI and F! graphs and general mathematical

- relat onsh/ps.

; I .,,i,
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C. TI&hnninv 0. novesnt (nlarat~nn) identioies the predicted luprovement or degradation
over a baaeline deslgn using Clis 1 estimates. Two values are determined: a delta (A)
difference and a percent charge.

To facilitate computattons, an aipha-numerio symbol to assigned to each .ialoulation. for *xaupli
naoouletion N identifieas predicted Class 1-H 3 IDf/IHA at 0-level.

I. bM'MJQ-1 oval. Using the Design and Perrorsance Parkmeters" or Part I, complete the
Maintenance Indel Graph (Figure 5.1-I). Three 1H4/rd values from this graph are required for ure
In the workshoet. Pertinent caleculatons using alpha-numerio symbol& are repeated below.

Al a Solution of the MI equation (Point U on the graph)
- -0.2181 * 0.5692 In (W•1') + 0.83914 In (VHAX)
- -0.2181 + 0.5692 in (20.583) + 0.8394 In (1.085)
. 1.572

B1 a 3-H equivalent of the oontraotor's prediction (Point 8 coi the gro;h)

8 Design HI . 0.403 . 0.746

MZDA 0.514

#A Where Design MZ is Point 7 on the graph

CIA 1 Al - B1 1 1.572 - 0.746 1 • 0.826

__1 x 100% x 100% - 53$
Al 1.572

2. MALfKQ-_LL. '13ing the "Design and Perrormance Parameters* or Part I, complete the
Prequenoy Index Graph (Figtre 5.1-2). Three MA/FlH values froe this graph are riquired for use in
the worksheet. Pertinent calcultions are shown below.

A2 . 3olution or .he F1 equa'ton (Point h on the graph)
o -0.A931 * 0.1800 In (WTHT) - 0.052S In (VMAX)
- -0.2931 * 0.1800 In (20.583) + 0.0525 In (1.085)
. 0.256

B2 • 3-M equivalent of the contractor's predictior, (Point 8 on the graph)

Design FP 0.176
• -_ 0.223

F-DR 0.79

Where Design F1 is Point 7 On the graph

C2dA I A2 - 52) 1 ) 0.256 - 0.223 * 0.033

-,• • o.033

SA2 ' 100% 2 0-- x 1O00 . 13%
A2 0.256

3. M U vL . System repair time asasured in MNH//A at 0-level is determined by
dividing PMM/PH by MA/FH for both baseline and p.'edioted CLasa I data ostegories. Spaces are
provided on the worlahest for caloulationa and answers.

Al 1.572£3 a -- s - a 6.114
A2 0.256

51 0.7•16
B3 B a - • 3.35

82 0.233

C3 A3 - B3 I - 1 6.14 - 3.35 - 2.79

C3 10C3 00 2. 279 x 100% .45%

A3
3  

£3 6.14

;. •11



"4. .ETIJA h.Laval,. Systes repair time measured in lfr/MA at 0-level is 4etoerined by
dividing tMH/MA by the average number of men per unscheduled maintenance action. For the baseline
category, use baesene syatao ocnstant MINo. For the predicted category, use predicted constant
KOllO as listed in Part I1.

A3 6.14
A . a a 3.23

BASEI39 o 1.9

F3 3.35* A'a a 2.09
PRED moo 1.6

CW, * I AW - 1 * 3.23 - 2.09 I *1.1

C4% . 1 00% I 100% - 35%
A4 3.23

5. 22UZAL-Tj&Xj, System analysts for this parameter is determined 3y multiplying tIm/FHo
hy th& appropriate I-Level Ratio (ILRA shown in Part I1.

A5 • Al x BASE NIR
1.572 x 0.04 - 0.063

95 a 81 x PNED MIIR
0.746 x 0.30 * 0.224

C5. % I AS - 85 0.063 - 0.224 ' 0.161

C0x x 100, 256%
AS 0.063

Example ashows oontractor predicted MIIR (0.O) is higher than the bajiln" MIKp (0.04), This
rrsl•,ts L• a higher expenditure of matntenance at I-level than the baseline design Shows. Ilence,
both CS values are entered on the worksheet in parentheses to signify system degradation tor MA/FH
at t-lev e..

i i b. 1k.LS.I. System analv-is for this parameter is completed in similar fashion as
HM*0/FHI using sytemm conatant P ,,

7. t -2V System repair time measured in MH0/KA at I-lovel is determined by
dividing M01/FPl1 by MA/HiI tor both basliine and predicted Class I data categories.

8. E, System repair time measured in EMT/MA at I-level is determined by
dividing 1a4/1/MAI by the average number tt man par maintenance action, MENI.

9. 401/.H 0 and I Levels. Acd 0 and I values by category to determine total unscheduled
system M01/FH. Calculate improvement (degradation).

i. ~in, iom•1,

Upon completion of the worksheet the tollowlng questlons shou.c be asked: (1) Are the
contractor's estimates In ýhe "ballparka? (2) how much Improvement 1.s the contractor preducting?
(3) Do qualitative RAM features presented in the contractor's proposal substantiate these
euntlsmtea? What are the areas of concern in the analysis?

A typical response using this system as an example sight be: Overall, the contractor's
predictions are in the "ballpark*. A A1% (0.665 M40/FH) lmprovement would appear reasonable
depending on RAM features called out in the proposal. Areas of ooncern include a 45% improvejent
in 'epair time (MMt/MAq), but only a 131. improvement in rreque-cy of stintananco (•A/rHo).

m Normally, frequency ham more effect on eaintenance (MMH//i() than repair ties. A seoond concern
* might be the higher expenditure of maintena-e at I-ievel (0.101 190/PH) than a baseline design.
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4 0IJC .NTRACTO.RJ.LQnnI1......
SSYSTLM ._ .A fJ ... e...gq .. . .... AIRCRAFT MODEL: F-18A

PAlr I Ir'NTFIACTr.)( DATA

"CONTRACTOR PREDICTION-
CLASS 3 DESIGN MAINT. REG. PART II SYSTEM CONSTANTS

ML MMHI/FH N1A,'FH MMH/MA EMTiMA F r R-
14 .174 PA AE" BASE P, ...

1f -7 -]V MEN 0  A NO. MEN -0 LEVEL 1.9 1.6
MEN VGN.MEN .- I LEVEL. 1,7 2.7

DESIGNIPERFORMANCE PARAMETERS MIIR MMH/FH I LEVEL RATIO .04 .30

F1IR MAIFH I LEVEL RATIO .07 .36

Ileight Empty, lbs 20,583
fMax. speed, knots 1,085

PART III SYSTEM ANALYSIS

BASZLINE PREDICTED M
CLASS 1 CLASS I P IU4rR '.Q t't::

3M DATA 3 M DATA IC_
PARAMEIER rALCULATION A, ,8)

MMH1FHQ MW,INT *tJ.[-' -(;HAPH ' '

1.057I 2IN[1__57
I1) 7PI, C[)ICT-D .-71'1 .. .r".,", .746 , I

_ FHEC IN_ EX GRAPH , / ' , , ./.

PROICTED " .033 13%1

rAMMHFHO MA FH0

(3 6-1 3.35 / 2.79 451.
.746 .223 V,// 35 I .

, MMH'MAM + MN /"5 -EMT/,1A 0K256/5.14 . j./ 1/,/.. - ,
6.14 - 1.9 3.23 1-4 3

(•) ~3.35 :- .6 ./,•.2 •.,X .. ,2 ; .(; .1 5

ANMHiFHI MM1FH0 x MIIR . , 7/7//7//I , ,/

1.572 x .04 .063 '..1 )'

.746 x .30 24 __6
MA/FH'.IA/FH 1 ) . I-ll' j - ' . , /,/ 911H

161 - ..256,""� '",/,018 , x (.062)7, 4

.223 x .36 /''.080

PAMH'FH, MA/FH1 ~77 4/ / .A

.063 .018 _ _._o__. ,.> _. __,- 0..0

.224 :_ .080 T7/7',; '/'" 2.80S,.,,,,,.,,,A, MEN• > • "'": - ~ ,;" ," " "; "
S $ EMT/IAI 3.50 1.7 20 /

2.80 -2 2.7 x.////. /,<1.05 1.02 50•

'MMH,'F - MMH/FHO MMH/FHI 1.635 .970 .665 41 /

FIGURE 5.1.3 Wbvktrhuls for Ztenultiig System Maintenance Requirements
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wuc, 11, 12 _____CONTRACTOR:________-.-

S.YSTEM:.lrrm/UOAi...._______ AIRCRAFT MODEL:

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. A150. PAni r ii OSWýTEM CONSTANTS

NLM4H MA-HVHMA I WIM PARAMETER BSKl FRED

ML MHFH A M MH _____ MEN AVG NO. MEN -0 LEVEL 1.

___________________ MENI AVG NO. MEN -I LEVEL 1.

L)ESIGN/PERFORMAN~CE PARAMETERS MIIR MMH/FH I LEVEL RATIO .04

Weigt Ameed, ýos I FOIR MIA/FM I LEVEL RATIO .07

PART III SYSTEM ANALYSIS

I BASELINE PRIEDICTED IMPROVEMENT
I CLASS 1 CLASS 1 DECRADATIONI

PARAMETER CALCULATION (A) (8)%

MMH/FM 0  MAINT INDEX GRAPH/

BASE LINE

1)PREDICTEID-

* MA/FM 0  FRED INDEX GRAPH

BSE LINE

12) ~~PREOICTED ~~77*-7
MMAQ MMMi F H0 MA,FH 0  X__

EMT/MAQ 0M A MN _____

- .MMH/FH ";Z "'zIH

MA/FM 0 a 777/7Ký

11 -x /-

EMT/MA1  M/HMA - EN ''•

* MMM MMH/FA MEN

4011

7 -7- m-7-



5.2 LANDING GEAR SYSTEM - WWC 13

e f, Landing weight and kinetic ekiergy.

Number ga Refzression EguatLon"a•un: 13

Pay, ja&Lqr"Ln&idered and Reiected: Empty weight, maximum takeoff weight and
minimum landing speed.

-'QMMfi=LA: The two design parameters that have the greatest influence on
Landing Uear System maintenance were landing weight and kinetic energy. Landing
weight wa3 selcted by the regressior analysis program for the Maintenance Index
aquation while kinetic energy was selected for the Frequency Index equation.
Only one parameter was needed in each equation. The aadition of a second
par&meter hau no appreciable impact on improving the correlation coefficients.

higher landing weights and higher valiies of kinetic energy inirerently
result in more maintenance expenditure on tires, brakes and other landing gear
subsystems. Exact system relationships are shown graphically in Figures 5.2-1
and 5.2-2.

The design parameter kinetic energy is a function of landing weight and
minimum carrier approach speed: KE = WTLAND x VMIN 2 . Units are ir pounas -

knotd 2 .

The AV-8A was excluded tram this analysis because the selected parameters
do not apply to V/STOL aircraft. However, a review of AV-8A historical oata
(Table 5.2-1) shows no adverse trends it, maintenance expenditure.

Li
Pt 515



-~ - M -ý CI jq

-4ý 
LO. LO. ýDco

0ý rý iý-1 1 l Lr)ý C-1 rlo ll r-
u- -' -~ ~ ~ - M--\

(.0CjI. m~ w r'-. e.j ý' r'. co~ ~J..
C). - ýI -L M7 f-

_ __ - _ _ _w

ra C L) , M ) CO"0 -' t CJ

Q Cý D n C

(a zi L ' -t-

Lai C",--'(.~'e C

CI- La'l *I EC; l,

CA IM

on CA' C. - -DC:) r

L )C'J -'0 C'. C' -: C ; a-' .1- -

L)

.- C\) \J JC \JJ NJ c\J ~

C1 r- 4ý.0

3-1

C) rrIKIc k . n m I



TABLE 5.2-2 REGRESSION ANALYSIS SUMMARY

WUC: 1 _ SYSTEM: Landing Gear.

* MAINTENANCE INDEX ESTIMATION - W1H/FN 0 LEVEL

394 MI WEIGHT LANDING
ACFT ERROR X 103 LPS

ACTUAL CALCULATED (WTLAND)

A4M .510 .472 .018 12.4
A6E .741 .864 -. 123 28.7
A7E .667 .681 -. 014 21.1
F4J .944 1.028 -. 084 35.5
FRJ .808 .715 .093 22.5
F14A 1.351 1.247 .104 44.6
S3A .856 .869 -. 013 28.9

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = O.1738+0.0241(WTLAND)

CORRELATION COEFFICIENT r = 0.9470
STANDARD ERROR OF ESTIMATE S t 0.0933
CONFIDENCE LEVEL, 95% 2S 0.1866
NUMBER OF OBSERVATIONS N 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

•i3m Fi KINE;IC ENERGY
ACFT ERROR X ER LBS-KTS2

ACTUAL CALCULATED (KE)
A4 .154 .141 .013 .209
A6E .147 .166 -. 019 ,347
A7E .177 .177 .000 .408
F4J .227 .223 .004 .656
FiAA .227 .225 .002 .664

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = 0.1019 + O.1850(KE)

CORRELATION COEFFICIENT r = 0.9E17
STANDARD ERROR OF ESTIMATE S = 0.0137
CONFIDENCE LEVEL, 95% 2S = ±0.0274
NUMBER OF OBSERVATIONS N = 5

i5
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wu C: L ___ CONTRACTOR: _________

S Y S T E V.LMO -d1!a -r -AIRCRAFT MODEL:

PART I CONTRACTOR DATA
CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. RIO. PART 11 SYSTE~M CONSTANTS
ML MMH/I:H MA/FH MMH /MA EMT/MA

____________________ jPARAMETER BASE PRED

rMEN 0 AVG NO. MEN -O0LEVEL 2.1
___ __ ___ __ __ ___ __ ___ __ __ MENI lAVG NO. MEN - I LEVEL 1.6

DESIGN/PERFORMANCE PARAMETERS MlIR MMH/FH I LEVEL RATIO .43

Weight Landing, lbs 2

Kinetic Energy, lb - Kt

PART III SYSTEM ANALYSIS

BASELINE PREDICTED IMPROVEMENT
CLASS I CLASSI ( DEGRADATION)

3-M DATA 3-MDATA - C)
PARAMETER CALCULATION AIS

MMH/FM 0  MAINT INOEX GRAPH/ // /

M/0  EQBASELINE 
El' ~/ /

PREDICTED K

MMH/MA MMH/FH 0 MA/PH 0

(3) ~/
EMT/MA MM IHI MA ~MEN0

%l*HF X M I

MMMHMA ME '/ /

15)

*MMFMMHPOH
0F MMM/FH 1  __________________

FIUE52. akhetfrEelaiqSytmMiteac eqieet

I-2
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'.3 FLIJIUIT CUNTIHOILS S•SThT - WUC 14

jL"Lt. P QE: Maximum -ipee0 and empty weight.. Inrdex constants were
established for wing sweep.

Nubeoersii.koain Run: 12

Pejrameters Considered and Rogcta•d: khpty weight and maximum takeoff weight.

Q9oMIU: Rugression akilysis showed that supersonic fighter aircraft tend to
require from two to three times the maintenanoc over subsonic attack aircraft.
One reason for this trend is the more complex flight control system used in high
performance aircraft.

The 6-3A was not used due to poor regression corvelatior,. Thi. was due to
the comparatively low maximum speed of the aircraft and higher than normal
maintenance for the weight of the airci-aft.

The F-14A was the only aircraft with wing sweep. Wing swerep (SWUC 14G)
.MM*./FH and MA/FH were subtracted from the F-14A totals used in the regression
analyses. The F-14A was used in the MMH/FH analysis but. elimiriated from the
MA/FH analysis due to poor correlation.

IndeA constants of 0.569 MMH/F'H and 0.022 IAA/EH were established for
aircraft with wing sweep. These constants should be added to the regression
equation totals.

5-21
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TABLE 5.3-2 REGRESSION ANALYSIS SUMMARY

WUC: 14 SYSTEM: Flight CGntrolý

MAINTENANCE INDEX ESTIMATION - MIMH/FH 0 LEVEL

3M MI WEIGHI EM1PTY IIAXIIIUM SPEED
ACFT ERROR X 10 LBS X 103 KNOTS

ACTUAL CALCULATED (WTMT) (VMAX)

A411 .272 .320 -. 048 10.4 .537
A6E .680 .711 -. 031 26.0 .490
A7E .458 .529 -. 071 18.9 .506
AV8A .523 .355 .168 12.0 .525
F4J 1.199 1.437 -. 238 30.8 1.230
F8J .967 .942 .025 19.8 .989
F14A 1.904 * 1.708 .196 38,2 1.314

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.3963 + 0.0274 (WTrlT)

+0.8036 (VM.AX)
CORRELATION COEFFICIENT r - 0.9629
STANDARD ERROR OF ESTIMATE 3 = 0.1820
CONFIDENCE LEVEL, 95% 2S - -0.3640
NUMBER OF OBSERVATIONS N a 7

*Wing Sweep Data Excluded

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI M¶AXIMUM SPEED
ACFT ERROR X I03 KNlOTS

ACTUAL CALCULATED (VMAX)

A41 .065 .075 -. 010 .537
AGE .079 .069 .010 .490
A7E .066 .071 -. 005 .506
AV8A .076 .073 .003 .525
F4J .154 .156 -. 002 1.230
F8J .133 .128 .005 .989

STATISTICAL PARAMETERS:
REGRESSION EQUATION F1 - 0.0112 + 0.1183 (VMAX)

CORRELATION COEFFICIENT r - 0.9823
STANDARD ERROR OF ESTIMATE S - 0.0080
CONFIDENCE LEVEL, 95% 2S = ±0.0160
NUMBER OF OBSERVATIONS N - 6

5-23
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WUC: 
1
4-CONTRACTOR

SYSTEM: Flight Controls - - .AIRCRAFT MODEL:

* PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT REG. PART I1 SYS'I-EM CONSTANTS

ML MMH/FH MA/FN MMH/MA EMT/MA
"PARAMETER BASE PRE07

MEN 0  AVG NO. MEN .. 0 LEVEL 2.1

MENI AVG NO. MEN - ' LEVEL 1.3
MIIR MMH/FH I LEVEL RATIO ,10

DESIGN/PERFORMANCE PARAMETERS FIIR MA/FH I LEVEL RAT!O .13
WV1Itht hlpty, lbs
Iax. Speed, knots

Wing Sweep Factor, I or 0

PART III SYSTEM ANALYSI3

BASELINE PREDICTED IMPROVEMENT
CLASS 1 CLASS I iDEGRADATION)

3-M DATA 3.M DATA (C)
PA.AMETER CALCULATION (A)3) .

MM/FH MAINT INDEX "RAP/// /
BASELINE ,/

PREITED ,,, -

". MA/F o FREe INJDEX GRAPH "

12)1

PRm TP FI, t

MMOOMA 0IN

EMT MA 0 '"'......-'-' .. 1
SMMiH/Fi X MIIR 'i ' 7,

MMHtFH 0 • z 4 / . -

SI //I

EMT AO kII4MAx '" 7'' /"' ,",'"," ,.""/'-"

(47 -. _/2." , •

_________ T'7 77,

MA/FH 0,AF,, ~M ' ,xI

MMH/FH, IVMAFH 7''' 7,77./j,
.MMHIMA I "

EMT/MA, 
1  MM MAI MEN,

MMII A MH
MMH/FH0 1  MH FHO MMHFH1

FIGURE 5.3-3 Worksheet for Evaluating Systenm Maintenance Requirements
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5.4 nGINE; SYSTEM - WUC 23

Selected Parameter.: Thrust per engine, uninstalled and number of engines.

Number of Regression Eguations hun: 23

a~rameters Considered and Rejected: Maximum speed, engine weight, numoer of
compressor etages, maximum takeoff weight and total engine thrust, uninstalled.

r o This was the only system for which the 4 to 12 month FMSO baseline
data appeared to be inadequate. An acceptable regression equation correlation
was not achieved after numerous attempts. Several other data bases were then
considered including all FMSO data from July, 1971 through June, 1976. A
decision was made to use the period January, 1975 through June, 1976. This
period excluded early S-3A and F-14A data which might not be representative for
those aircraft. however, the F-8J was phasing out of the fleet during this
period and the F-8J engine data was suspect. Consequently, the F-8J was
eliminated from the analysis.

Engine data was extracted from the Fleet Weapon System Reliability and
Maintainability Statistical Summary (Reference 9) for the selected period. As
this data is total 0 and I, the data was converted to O-level only by using the
I-level ratio established by the 4 to 12 month baseline data. F-14A engine data
appeared excessively high for all periods. An investigation determined that 6';
percent of F-14A maintenance was no defect while the average was 35 per'tnt.
The F-14A engine data was adjusted to reflect the average of 34 percent no
defect maintenance and then used in the regression analysis.

Single Engine versus Twin Engire: Examination of' the maintenance index graph
(bigure 5.4-1) reveals some interesting observations about one and two engine
aircraft. For high thrust aircraft, a twin engine design is more cost effective
from a maintenance standpoint than a single engine design of comparable total
thrust. As an example, a twin engine 30,000 pound thrust aircraft using two
15,000 pound engines will require 27% less maintenance (M*h/FH) than a single
engine aircraft using one 30,000 pound thrust engine. At the other extrethe, a
low thrust single engine aircraft requires less maintenance than a low thrust
twin engine aircraft. A 10,000 pound thrust single engine aircraft will require
20% less maintenance than a twin engine aircraft with two 5,000 pound thrust,
engines.

5-2
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TABLE 5.4-2 REGRESSION ANALYSIS SUMMARY

WUC: 23 SYSTEM: En~jnic

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI THRUST PER ENGINE NUMBER OF ENGINES
ACFT ERROR UNINST. X 10 LBS

ACTUAL CALCULATED (THRUST) (ENGQTY)

A4M .402 .468 -. 066 11.2 1
A6E .606 .721 -. 115 9.3 2
A7F .752 .646 .106 15.0 1
AV8A .882 .921 *.039 20.9 1
r4J 1.168 1.123 .045 17.9 2
FI4A 1.228 1.263 .035 20.9 2
S3A .825 .720 .105 9.275 2

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - -0.3960 + 0.0467 (THRUST)

+0.3414 (ENGQTY)
CORRELATION COEFFICIENT r = 0.9555
STANDARD ERROR OF ESTIMATE S = + 0.1058
CONFIDENCE LEVEL, 95% 2S = -0.2116
NUMBER OF OBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI THRUST PER ENGINE NUMBER OF ENGINES
ACFT ERROR UNINST. X 1O3 LBS

ACTUAL CALCULATED (THPUST) (ENGQTY)

A40 .041 .040 .001 11.2 1
A6E .062 .070 -. 008 9.3
AV8A .061 .063 -. 002 20.9 1
F4J .094 .090 .004 17.q 2
F8J .062 .060 .002 19.6 1
F14A .095 .097 -. 002 20.9 2SJA .077 .070 .007 Q.275 2

STATISTICAL PARAMETERS:
REGRESSiON EQUATION FI a -0.0194 + 0.0023 (THRUST)

+0.0340 (ENGQTY)
CORRELATION COEFFICIENT r z 0.9687
STANDARD ERROR OF ESTIMATE S = 0.0059
CONFIDENCE LEVEL, 95% 2S = ± 8.0118
NUMBER OF OBSERVATIONS N = 7
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WUC: 23 --- CONTRACTOR:_________-

SYSTEM: Engine __________AIRCRAFT MODEL:

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. RED. PART 11 SYSTEM CONSTANTS

ML MMH/FH MA/FHMMHM EMT/MAPAMERBSE 
PD

MEN 0  AVG NO, MEN 0 LEVEL 2.9
MEN AVG NO. MEN I LEVEL 2.3

DESGN/ERFRMACE ARAETESWin MMM/FH I LEVEL RATIO .J6
DESINMEPORANC PAAMEERS FuR MA/FH I LEVEL RATIO .3

Thrust per engine, uninstalled lb-

C ~ ~ ~ ~ Nme of_____________________engines____ __________________________________________

PART III SYSTEM ANALYSIS

BASELINE PREDICTED I imPmOVEMENT
CLASS 1 CLASS I I (DEGRADATION)

1.M DATA 3.M DATA (Cl

MMH/FH 0  MNAINT INDEX GRAPH <
BASELINE

Ill ~PREDICTED _

FREQ. INDEX GRAPH
MA/FM0  -_______

0 ASELINE

P~REDICTED ~~~"/'/' _____

MMH/MAO 0,H~, MM 0  777777/>&7777/

EMT/MA 0  J`MMMMA 0 -MEN 0D '~/>~ ~ /~
MMM/FM, ~MNH'FI-I4 X MIIA 7RT,.: 7  /'V ~ ~151 __ __

M A /F M 1  ~ M A /F H 0  X F IIR ' ' 6 Z " / '

16) _ _ _ _ _ _ _/

MMH/MA ________ iI</j <
(71-/ / /

EMT/MAI vIMPIMA1 MEI / '-

(9)

KFIGURE 5.4.3 Worksheet for Evaluating SVyntam Maintenance Requuernent-,
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5.5 AUXILIARY POWER PLANT SYSTEM - WUC 2 4

,eljAZ2.BrkA: Index constants were established for auxiliary power unit.

Number of Regressio(_LL: 0

Parameters Conpidered and Relected: 0

QgA.¢Mg=: The A-4M, AV-8A and S-3A were the only aircraft with AU's installed.
This small sample of aircraft prevented using regression analysis techniques.
To achieve a broader APU maintenance base, 18 months of data on the CH-46F,
CH-53D and P-3C were idded to the A-4M, AV-gA and S-3A data base. Since design
parameters were not available on these aircraft, regression analysis techniques
could not be considered. Consequently, general mathematical techniques were
used in calculating index constants from data presented in Table 5.5-1.

A Maintenance Index of 0.192 MMH/F}i was determined by averaging Class 1
SU-level MMh/EH. A Frequency Index of 0.37 MA/FH was determined by averaging
Class 1 0-level MA/FH. Given these two equations:, the remaining Class ! baseline
parameters can be calculated. Results are rhown in Figure 5.5-1.

"Using Equation 3.8 of Section 3.0, a Maintenanco Index Defect Ratio (MIDR)
was found to be 0.36. Similarly, using Equation 3.9, a Frequency index Defect
Ratio (FlDR) was found to be 0.52. both MIDR and kJDR are usec in converting

"Class 3 contractor predictions to Class 1 predictions.

-] I 533
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W U C , 24 C O N T i ,;A C T O R . . .. .

SYSTEM: Auxiliory Power Unit AIRCRAFT MODOF.-

PAHI r 'CON HAc(rwoF DATA

*, CONTRACTOR PIREDICTIONS -
CLASS 3 DESIGN MAONT, REQ. PART II SYSTEM CONSTANTS

ML MMHIFH MA/FH MNIH,'MA EMT/MA PRMTRBS 0E

I MEN 0  AVG NO. MEN - 0 LEVEL 2.0
MENI AVG NO. MEN - I LEVEL 1.5

1 MIIR IMMH/FH LEVEL RATIO .2r DESIGN/PERA FORMA NCE PARAMETERS I IR M~F EVLRTO ..
A...FIIR MA/FH I LEVEL. RATIO .23

PART Ill SYSTEM ANALYSIS

BASELINE PREDICTED IMPROVEMENT

CLASS 1 CLASS 1 (DEGRADATION)

S3 .M DA TA 3-M O A 7A (CI

PARAMETCR CALCULATION (A) (81

MMH/FN0 MAINT. INDEX GRAPH ~,/
BASELINE .192 i<5,// '/-

Ill PREDICTED

FREQ INDEX GRAPH "' /// / ", ' -' •9 - ' , ' ,'•" /4"" ; ,'K 2 '
BASELINE .037 :
PREDICTED 7/M H F N4AA/Fr-0

MMHI'MAQ a

0 .1,,2 0,037 5.1.9 " "131 :• ' '

EMT/MAO MMHIMA MEN 0 0 '

(41 5.19 2.0 25
•"~ ~ ~ ~ ~ ~ ~ ~M HF NifOIH!/ O 'X MIIR 

... "'" -" ' ' " " ' P r - r-"

0.192 x 0.22 .042

M A.FH, M. . . .. ,_ _-,

S0 .0 3 7 X 0 .2 3 .00 9 ,,'. , 4

MMH/MA 1  -___________ /-FH

S0.042 .009 4.67 . .. .......

MMIVHIMAI MEN '",'<7

1 4,67 1.5 ~ . 1.

II M/F -~'~zZ
. M M H/FHI i0 -2 4

FIGURE 5.5-1 WswkshIet for Evaluating System Maintenance Requirements
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5.b POWEH PLANT INSTALLATION SYSTEM - WUC 29

Selected Parameters: Thrust per engine, uninstalled and number of engines.

Number of ReAression Equations Run: 29

Parameters Considered and Rejected: Total engine thrust, empty weight, engine
weight and maximum speed.

Comments: This system proved to be very troublesome. It was difficult to achieve
satisfactory regression equation correlation using the same aircraft and the same
parameters for both MMH/FH and MA/FH. The 18 month data bane used in the engine
(WUC 23) analysis was used with no improvement or significant difference from the
4 to 12 month baseline data. Excellent correlations could be obtained in the
MMHfi/lH equations with several parameters and only marginal correlations in the
MA/FH equations using those same parameters. This was apparently due to a wide
spread in MMH/MA.

The b-14A was eliminated becauie the actual MNH/FH and MA/FH were some three
times higher than any of the other aircraft. Power Plant Controls (SWUC 29B) was
the primary reason for the F-14A high maintenance. The F-8J was eliminated
because of poor regression equation correlation.
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TABLE 5.6-2 REGRESSION ANALYSIS SUMMARY

WUC: 29 SYSTEM: POWER PLANIT INSTALLATION

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

F 3M MI THPUST PER Et4GINE NUMBER OF ENGINES
ACFT I ERROR UNINST. X 10 LBS

ACTUAL CALCLLATED (THRUST) (ENGQTY)

W! ,084 ,089 -. 005 11.2 1
A6E .169 .195 -. 026 9.3 2
,47E .11'7 .112 .005 15.0 1
F4J .244 .246 -. 002 17.9 2
S3A .224 .195 .029 9.275 2

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.0943 + 0.0059 (THRUST)

-i+0.1174(ENGQTY)
CORRELATION COEFFICIENT r = 0.9564
STANDARD ERROR OF ESTIMATE S = 0.0201
CONFIDENCE LEVEL, 95% 2S = ±0.0562
NUMBER OF OBSERVATIONS N = 5

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI THRUST PER &GINE NtfllBEP OF ENGINES
ACFT ERROR UNINST. X )0• LBS

_-___ ACTUAL CALCULATED (THRUST) (ENCOTY)

A4M .017 .021 -.005 11.2 1
A6E .027 .020 .007 9.3 2
A7E .02f .03n -. 002 15.) 1
AV8A . 051 .044 .007 20.9 1
F4J .033 .040 -. 007 17.9 2

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI v -0.0069 + 0.0023 (THRUST)

+0.0028 (ENGQTY)
CORRELATION COEFFICIENT r = 0.8514
STANDARD ERROR OF ESTIMATE S = 0.0093
CONFIDENCE LEVEL, 95% 2S - *0.0186
NUMBER OF OBSERVATIONS N m 5
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WUC: 29________ CONTRACTOR __________

SYSTEM: Power Plant Installation -. AIRCRAFT MODEL_______

PART I CONTRACTOR.DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. REG. PART 11 SYSTEM CONSTANTS

ML MMH-/FH MA/FH MMH/MA EMT/MA PARAMETER IBASE PRIED
0

MEN 0  AVG NO, MEN 0LEF.VL 1.2
____ MEN AVG NO. MEN - LEVEL 12.

1 MIIR MMH/FH I LEVI '- ATIO 1
DESIGN/PERFORMANCE PARAMETERS "

Thrust per engi(Jne, Uninstalled I a eR M /HI E E ,%I

Nlumber of engines

PART III SYSTEM AiNALYSIS

BASELINE PREDICTED iMPROVEMcNT
CLASS I CLASS 1 (DEGRADATION)
3-M DATA 3-M DATA (C) ____

PARAMETER CALCULATION (A) W

FRED MIN INDEX GRAPH /''

(1) PREDICTED - f
MA/FH 0 - Zz ---

0BASFLINF

(2FR ED ICT ED ;74',''777 I
MMH/MAQ M4MH/FH, MA/FRQ 0 ~ ,

MM/MH/MA'7 I
EMT/MA 0  1MM MnN 0

141-

MMH/FH 1  M/H)~-1

MA/FH X FIIR // /
MA/FH1  0 44-44-___ _____

MMH/A, MAiN

EMT/MA1  MHM 1 MN/

(8I

H/H MMH/FHQ+ MMH/FH1 ____

FIGURE 5.6.3 Worksheet for Evaluating System Maintenance Requirements
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5.7 AIR CONDITIONING SYSTEM - WUC 41

"SelectedrAmel=: Empty weight and avionics weight installed. Index constants
were established for boundary layer control.

Number of Rearession Ecuations RUn: 15

Parameters Considered_ and Relected: Fuselage volume pressurized, ECS weight,
maximum takeoff weight and KVA.

Comment: Empty weight and installed avionics weight were the two design param-
eters selected as having the greatest impact on Air Conditioning maintenance.
Those aircraft with large quantities of avionics equipment required more avionics
cooling thus .increasing the maintenance burden for this system. Such parameters as
ECS weight, KVA output and pressurized fuselage volume were rejected by the

* regression analysis program. Intuitively, one would expect these parameters to
impact Air Conditioning System maintenance. Analysis showed this not to be the
case.

boundary layer control was excluded from the F-bJ and F-4J NMH/FH and MA/Fh
totals for the regression equations. Index constants were established for
aircraft with boundary layer control. These constants should be added to the
regression equation totals. Data used to establish the index constants is as
follows:

AIRCRAFT MMH/FH MA/FH

F-4J 0.213 0.014
F-8J 0.118 0.019

Total 0.331 0.033

bLC MMH/FH Index Constant 0.331 1 2 0.166
KLC MA/Fh Index Constant 0.033 z 2 0.016
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TABLE 5.7-2 REGRESSION ANALYSIS SUMMARY

WUC: ,___ SYSTEM: Air Conditinaing

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EiIPrY WEIGHT AVIONIC
ACFT ERROR X I0 3 LBS INSTALLED X 1O LBS

ACTUAL CALCULATED (WTHiT) (14TAV I fl)

A401 .051 .058 -. 007 10.4 .612
A6E .205 .281 -. 076 26.0 2.329
A7E .146 .172 -. 026 183.9 1.347
AV8A .128 .073 .054 12.0 .590
F4J .286 .342 -. 056 30.8 2.641
F8j .178 .162 .016 19.8 .819
F14A .500 * .432 .068 38.2 3.039
S3A .383 .356 .027 26.6 4.223

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.0717 + 0.0103 (VITMT)

+0.0364 (WTAVIN)
CORRELATION COEFFICIENT r 0.9385
STANDARD ERROR OF ESTIMATE S = 0.0602

* CONFIDENCE LEVEL, 95% 2S = *0.1204
NUMBER OF OBSERVATIONS N = 8

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT EMPTY WEIGHT AVIONICS
ACFT ERROR X 103 LBS INSTALLEI X 1O3 LB

ACrUAL CALCULATED (WTHT) (WTAVItJ)

A41 .019 .020 -. 001 10.4 .612
A6E .048 .052 -. 004 26.0 2.329
47E .032 .036 -. 004 18.9 1.347
AV8A .023 .022 .001 12.0 .590
F4J .048 ,061 -. 013 30.8 2.641
F8J .043 * .034 .009 19.8 .819
F 14A .081 * .074 .007 38.2 3.039
S3A .072 .067 .005 26.6 4. 223

,, STATISTICAL PARAMErERS:
REGRESSION EQUATION FI - 0.0019 + 0.0013 (4Tr7T)

+0.0072 (WTAVIN)
CORRELATION COEFFICIENT r = 0.9419
STANDARD ERROR OF ESTIMATE S = 0.0087
CONFIDENCE LEVEL, 95% 2S - ±J.0174
NUMBER OF OBSERVATIONS N = 8

* BLC Data Excluded
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wuLc. 41 __ ___CONTRACTOR:--- ._____
SYSTEM: Air Conditioning -- AIPCRA'ýT MODEL.

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. REQ. PART 11 SYSTEM CONSTANTS
ML M14/H M/FHMM H/MA EMT/MA

SPARAMETER BASE PRED

± _MEN 0 AVG NO. MEN 0 LEVEL 1.7
__________________________ MENI AVG NO. MEN - I LEVEL 1.3

DESIGN/PERFORMANCE PARAMETERS MUMH MMH/FH I LEVEL RATIO .11
FIIR MAFH I LEVEL RATIO .21

Weight Empty', lbs.

Weight Avionics Installed. lbs.
BLC Factor. 1 or0

PART III SYSTEM ANALYSIS

BASELINE PREDICTED [ IMPROVEMENT
CLASS 1 CLASS 1i (DEGRADATION)

3 -M DATA 3 -M DATA 
ICIPARAMETER CALCULATION (Al (8) %

MM4/FH 0  MAINT. INDEX GRAPH Z / -- 7,,','/ .
0AELN /7~7

III ~~PREDICTED ;- ,~~/7____

MA/FMQ FRED INDEX GRAPH

BASELINE '/'/''l
()PREDICTED / ,//.

MM/~) NMHIr-HO0 -A/FHO /~'7/

EMT/MAO MMH/MA -MEND Q/' •<

(4) >

-- 7-----
MMH/FH MMAH/FH 0 X *MIIR r' "/ "

SIMAPHQ X FUIR mm;,f,7 '
MA/FHI4 0 /

MMH/MA1  MMH/FH1  MA/FHI

EM/AMMH/MA 
1  EN

(7)

MMH/ F H MMH/FHo MMHIFH, __________

FIGURE 5.7-3 Worksh~et for Evaluating System Maintenanai Requirements
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5.8 ELECTRICAL SYSTEM - %UC 42

ýailected Parameters: Empty weight and KVA.

Number of Regression Eguations Run: 24

Parameter Considered and Relected: Avionics weight installed and fuselage
length.

Comments: The A-4M was eliminated due to poor regresion correlation. Actual
MMH/FH ran three times higher than it should have for its given weight and power
requirements. The reason for this was not ideýitified.

The AV-8A was not used because of very high DC power maintenance. Actual
system maintenance exceeded its calculated MMH/FH value by a factor of four and
its calculated MA/FH value by a factor of nine. DC power maintenance on other
aircraft was negligible.

The A-6L and F-8J were also excluded from the regression analysis because of
poor correlation caused by excessively high wiring maintenance. Both aircraft
exhibited from two to three times higher wiring maintenance than the other
aircraft.

On the average, aircraft wiring problems account for almost half of the
Electrical System maintenance.
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TABLE 5,1-2 REGRESSION ANALYSIS SUMMARY

WUC: 42 SYSTEM: Electrical

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EMPTY GENERATOR •LECT.
ACFT ERROR X 103 LBS POWER X I0• KVA

ACTUAL CALCULATED (WTrIT) (GENKVA)

A-7E .332 .336 -. 004 18.9 .25
F4J .635 .628 .007 30.8 .60
F14A .785 .790 -. 005 38.2 1.20
S3A .477 .475 .002 26.6 1.50

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.1419 + 0.0259 (WTHT)

-0.0485 (GENKVA)
CORRELATION COEFFICIENT r = 0.9995
STANDARD ERROR OF ESTIMATE S = 0.0102
CONFIDENCE LEVEL, 95% 2S = t0.0204
NUMBER OF OBSERVATIONS N = 4

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT EMPTY GENERATOR ELECT.
ACFT ERROR X 103 LES Pot!Ef X 102 KVA

ACTUAL CALCULATED _WTMT) (GriiKVA)

A7E .046 .044 .002 18.9 .25
F4J .075 .079 -. 004 30.8 .60
F14A .108 .105 .003 38.2 1.20
S3A .075 .076 -.001 26.6 1.50

STATISTICAL PARAMETERS:

REGRESSION EQUATION FI = -0.0100 + 0.0027 (WTMT)
+0.0092 (GENKVA)

CORRELATION COEFFICIENT r = 0.9910
STANDARD ERROR OF ESTIMATE S = 0.0058
CONFIDENCE LEVEL, 95% 2S = 0.0116
NUMBER OF OBSERVATIONS N = 4
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wuc __ _4?2 . CON TRACTOR _____

SYSTFM .Ž.SA.** ___AIRCRAFT MOOP-L

PART:I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. REG. PART 11 SYSTEM CONSTANTS

ML MMH/FH MA/FH MMH;MA IEMT/MA AMTESSE rD

LMEN 0  AVG NO. MEN - 0 LEVEL 2.0
________________________ MENI AVG NO. MEN - I LEVEL 1.4

*f DESIGN/PERFORMANCE PARAMETERS MIIA MMH/FH I LEVEL RATIO .15

regi mtls FIIR MA/FM I LEVEL RATIO .22

Generator Electrical Powier, KVA

PART III 'SYSEM ANAL YSI,(

BASELINE F REDICTED IMPROVEMENT

CLASS I CLASS 1 IDEGRAOATIONI
3-M DATA I 3-M DATA IC)

PARAMEYER CALCULATION (A) S

MMHiFH 0  MAINT. INDEX GRAPH / . I

8ASELINE/7'

Ill ~~PREDICTED K //7
MA/FMQ FREQ. INDEX GRAPH ,,

(29 BASELINE

PREDICTED '/ K

S M/M0 MH/A0 MMH/FH 0 AF 0~, ';

(311
oM/M MEN 0 _______

__ __ __ ___T7, __ __ _

(5) X 7777z,.7

MAF XFR 77.,F / ,

- r II-/H MAtFH 1  7 ,, ,

MMH;FH 0  MMH/FH 0 MMH/FHI ____

FIGURE 5.8-3 Worksheet for Evaluating System Maintenance Requirements
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5.9 LIGHTING SYSTEM - WUC 44

jSlected far&ra£ters: Wing, area and fuselage length.

Number of Regression Eouatio.n•_uU: 12

Parameters Consired and Helected: Weight avionics installed and KVA.

Comm•n• : Wing area and fuselage length were the two design parameters selected
by the regression analysis program as having the greatest effect on Lighting
System: maintenance. Aircraft with larger fuselages and greater wing areas
inherenLly require more lighting components resulting in higher system
maintenance.
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TABLE b.9-4 REGRESSION ANALYSIS SUMMARY

WUC: 44 SYSTEM: ___l htb-i

MAIN1ENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WING AREA FUSELAGE LENGTH
ACFT ERROR X 103 FT2  X 102 FT

ACTUAL CALCULATED (WAREA) (FUSLEN)

A4M .122 .080 .042 .260 .4130
A7E .113 .130 -. 017 .375 .4610
AV8A .074 .097 -. 023 .201 .4555
FAJ .251 .233 .018 .530 .5810
F8j .171 .184 -. 013 .375 .5450
F14A .279 .263 .016 .565 .6190
S3A .191 .213 -. 022 .598 .5330

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.2304 + 0.1652 (WAREA)

+0.6472 (FUSLEN)
CORRELATION COEFFICIENT r a 0.9410
STANDARD ERROR OF ESTIMATE S a 0.0310
CONFIDENCE LEVEL, 95% 2S = *0.0620
NUMBER OF OBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WING AREA FUSELAGE LENGTH
ACFT ERROR X 103 FT2 X 102 FT

ACTUAL CALCULATED (WAREA) ,FUSLEH)

A6E .J72 .080 -. 008 .529 .5476
A7E .054 .047 .007 .375 .461G
AV2A .041 .050 -. 009 .201 .4555
F4J .105 .095 .010 .530 .5810
F8j .093 .084 .009 .375 .5450
F14A .103 .110 --.007 .565 .6190
S3A .069 .072 -. 003 .598 .5330

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.1458 - 0.0333 (WAREA)

+O.4444(FUSLEN)
CORRELATION COEFFICIENT r 0.9366
STANDARD ERROR OF ESTIMATE S 0.0105
CONFIDENCE LEVEL, 95% 2S = ±0.0210
NUMBER OF OBSERVATIONS N = 7

5-56



* .l,----~-,~- - - ,CD

~T~2T~2~'Z

~Co

caz

zC

01XH N 131~n

5-lot



IT,' t. t.

41U

2C

C2W

C.,2

~LL
404

1*M
5-58



WUjC; _L4 ___ CONTRACTOR:

SYSTEM:. (JtI~bL1!JL -- ____ AIRCRAFTr MOnEL-:- -

I'AHT I CO)N T RACTOR DA rA

CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. REG. PART 11 SY'STEM CONSTANTS
ML jMMH/FH MA/PH MMH/MA EMT1/MA -AAEE BAE .EI _____ MEN 0  AVG NO. MEN -O0LEVEL 1.

_______________________ MEN1  AVG NO. MEN - I LEVEL 1.3

DIFSIGN/PERFORMANCE PARAMETERS MIIA MMIH/FH4 I LEVEL RATIO .25
- , FIR MA/FH I LEVEL RATIO .09

Wing Area. Square Feet

Fuselage_______________ Ieqh Feet__ ________________ _______________

PART III SYSTEM ANALYSIS

BASELINE J PREDICTED IFMPROVEMENT
CLASS I CLASS 1I tDEGRADATION)

3-M DATA 3-M DATA I C)
PARAMETER CALCULATION (Al S I

MMHA/PH Mo.iNTL INDEX GRAPH
0 BASELINE

III ~~PREDICTED /A

MA/PH0  FRED INDEX GRAPH ,,z7~<
BASE LINE

(21
_________ PREDICTED

MMHIMAQ MMH/FH 0 MA/FR0

EMM/MA 0  002y'

AMM/H - MMH/FH 0 X MIIR // / 7
X

X

MA/PH1 MA/FHO X FIIR ,/ ' 777y

PMIA MMH/FH, MA/FR '' '/

I/IMM/MAI Merv I
EMT/MAI

VHFO1 MMH/FH 0 MMH/FH1
________

FIGURE &95.3 Worksheet for Evaluating System Maintanance Requirements'I 5-59
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5.10 hY0hAUL1CS SYSTEM - WUC 45

Selected Parameters: Empty weight and maximum s'peed.

Number of' eigression Equations Run: 11

Parameters Considered and Rejected: Maximum takeoff weight.

Commnts: Hydraulic system maintenance is a function of empty weight and maxtuw,
speed at altitude. High performance fighter aircraft tend to require from two to
four times the maintenance (MMH/FH) than subsonic attack/ASh aircraft.

The A-4M and F-8J were eliminated from the MA/FH analysis because of poor
regression correlation.
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TABLE 5.10-2 REGRESSION ANALYSIS SUMMARY

WUC: 45 SYSTEM: llydrauh -.

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EIPTY MAXIF1Th7 SPEED
ACFT - ERROR X !o3 LBS X 103 KNOT(

ACTUAL CALCULATED ((VAX)

A4W .085 .140 -. 055 10.4 .537
A6E .275 .226 .053 26.0 .490
A7E .146 .184 -. 038 18.9 .506
AV8A .243 .146 .397 12.0 .525
F4j .518 .529 .011 30.8 1.230

.8, .350 .368 -. 018 19.8 .989
F114A .625 .609 .016 38.2 1.314
S3SA .156 .200 -. 044 26.6 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI , -0.Z60 0- 0.0,966 (W•iTT)

+3.3671 (VMAX)
CORRELATION COEFFICIENT r = 0.9604
STANDARD ERROR OF ESTIMATE S = 0,062,,
CONFIDENCE LEVEL, 95% 2S = *0,1246
NUMBER OF OBSERVATIONS N - 8

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M Fl 11AXIMUM SPEED
ACFT ERROR X 103 KNO TS

ACTUAL CALCULATED (V0AX)

,61 .041 .0368 .0043 .490
SA7L .040 .037' .0027 .506
AV3A .038 .0381 .C080 .525
WF4j .060 .0635 -. 0035 1.230

F14A .069 .0665 .0025 1.314
S3A .028 .033) -. 0059 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI 0.0191 4-0.0301 MIfAx),

CORRELATION COEFFICIENT r 90.663
STANDARD ERROR OF ESTIMATE S , 0.0044
CONFIDENCE LEVEL, 95% 2S ±0.0088
NUMBER OF OBSERVATIONS N 6
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WULC, 5 CONTRACTOR:

SYSTEM: Hydraulics AIRCRAFT MODEL;

PART I CCNTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. REQ, PART II SYSTEM CONSTANTS

[ML__MMF4l -MA/FH MMH/MA EMT/MA PARAMETER BASE -RE

I ___i MEN 0  AVG NO. MEN - 0 LEVEL 1.9
MENI AVG NO. MEN - I LEVEL 1 .,

DESIGN PERFORMANCE PARAMETERS MIIR MMH/FH I LEVEL RATIO 13
FIIR iMA/FH I LEVEL RATIO

WoihmEnfty, lbsý. I___'laxtmum ".peed. knots1

PART III SYSTEM ANALYSIS

BASELINE PREDICTED IMPROVEMENT
CLASS 1 CLASS 1 IDEGRADATION)

3.M DATA 3-M DATA (CI

PARAMETER CALCULATION (A) 1 (%/

MMHIFH 0

1)PREDICTED";E' T

MMHIMA M MA0FH IND

MTM o MMHIMA O MEN D . . ' , . . .• /, "7, .. ,

(41

SMMH/FH "- MZ I /'/'•i4'' . ,: , , . . ,,HO/ -,7. -

MMH/MM MFR

EMTMI4F 0 j'0-.,.i1 -7,. .., . , :. ..
I, X 101IR

; ~ ~~MMH/MAI 0MtF I M •H' '

MA/FH1  MA/FH 0 X FIIR______

161

MMH/MA MMI411`14, MAH 14-

I?) -- ,--

EMTAAMi/MA - MENI . "

(81 - , .// //.=/ 7',•

MMH/FH0 MMH/FH
0 AMMHiFHI

FIGURE 5.10-3 Worksheet for Evaluating System Maii:tnancy Requirements
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5.11 FUEL SYSTEM - WUC 46

Selected Paramets: Fuel capacity and maximuw speed.

Number of Regression Equations Run: 19
£Ar • ers Considered and ReBeLe._ : Number of fuel tanks, empty weight and

maximum takeoff weight.

f&==n: Fuel system maintenance is a function of internal fuel ,.apacity and
maximum speed at altitude. High performance fighter aircraft tend to require from
two to four times the maintenance (MMII/NH) than -iub,3onic attack/ASW aircraft.

The AV-6A was not used due to high maintenance. The wing and engine must be
removed for access to some tanks and hardware.

a The A-6E was eliminated from the MA/Fh analysis due to poor regression
correlation.
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TABLE 5.11-2 REGRESSION ANALYSIS SUMMARY

WUC: 46 SYSTEM: Fup.1

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI FUEL CAPACITY HAXIMU5 SPEED

ACFT ERROR X 103 GALS X 10 KNOTS
ACTUAL CALCULATED (FUEL) (VMAX)

A4M .146 .122 .024 .800 .537
A6E .280 .271 .009 2.344 .490
A7E .196 .181 .015 1.476 .506
F4J .770 .680 .090 1.998 1.230
F8J .387 .459 -. 072 1.348 .989
F14A .734 .775 -. 041 2.382 1.314
S3A .152 .175 -. 023 1.933 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.2947 X 0.1148 (FUEL)

+0.6060 (VMAX)
CORRELATION COEFFICIENT r = 0.9806
STANDARD ERROR OF ESTIMATE S = 0.0640
CONFIDENCE LEVEL, 95% 2S = ±0.1280
NUMBER OF OBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M F I rAXIMYM SPEED
ACFT ERROR X 10- KM'IOTS

_ACTUAL CALCULATED (VMAX) _

A40! .034 .031 .003 .537
A7E .026 .029 -. 003 .506
F41 .058 .063 -. 00b 1.230
FOj .055 .052 .003 .989
F141A .069 .067 .002 1.314
S3A .024 .025 -.001 .410

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = 0.0056 + 0.0465 (VMAX)

CORRELATION COEFFICIENT r = 0.9823
STANDARD ERROR OF ESTIMATE S - 0.0039
CONFIDENCE LEVEL, 95% 2S = ±0.0078
NUMBER OF OBSERVATIONS N 6
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4~~WC w _1 6~ . . _ CONTRACTOR:_______

SYSTEM: Fuel ____ ___ AIRCRAFT MODE L:........

PARTSI CONTRACTOR DATAI

CONTRACTOR PREDICTIONS -I
CLASS 3 DESIGN MAiNT. REC. PART 11 SYSTEM CONSTANTS

~ML_ MMH/FH jMA/FH MMH/MA IEMT/MA PRMTRME PE

I MEN 0  AVG NO. MEN ý LEVEL I -g

________________________ MEN1  AVG NO. MEN - I LEVEL 1.2

OESIGNIPERFORMANCE PARAMETERS MIIR MMH/FH I LEVEL CIATIC .04
FuRA MA/FH I LEVEL RArIO .13

Fuel Capacity, gals.
Ilaxlinum Speed, knots

PART III SYSTEM ANALYSIS

BASELINE PREDICTED IMPRIJVEMENT
CASICLASS I IDOGRADATiONI

PARAMETER CAL.CULATION (A)is

MMI1FH 0  MAINT, ;NOEX GMAPH

MA/FMQ FMEQ. IOEX GRAPH / ,,~TT7T-/~4'"" /-

(REM

MMHIMAQ MMH/'FH 0 - MA/~ 0  
//~ /j

13l

EMT/MAO

(41

MMHI~H1  MMH/FH 0 x MM / /

(6)

MMII/MA MM 1H/oH X A/6H 1

lei

MMI4F14 MMf4IFHI MAI4FIA

FIUE5. . oriutfo vlatn yte anenn.Rqumwt

MMH/M'' 571



5.12 OXYGEN SYSTEM - WUC 47
••: None.

Z.A&Ctil Parameters:Noe

AjMk~m-.gL Regression Ecuations Run: 11

Parameters C-col.dered and Re jected: Flight hours per aircraft per year, flight
length, crew size and service ceiling.

.ýomments: A satisfactory regression correlation was not obtained for either
MMi/FH or MA/Fh. index constants were established by averaging the data from
Table 5.12-1.

A Maintenance Index of 0.035 MMH/FH was determined by averaging Class I
O-level MMH/FH. A Frequency Index of 0.019 MA/FH was determined by averaging
Class 1 O-level MA/FH. Given these two parameters, the remaining Class 1 baseline
parameters can be calculated. Results are shown in Figure 5.12-1.

Using Equation 3.9 of Section 3.0, the Maintenance Index Defect Ratio (MIDR)
was found to be 0.58. Similarly, using Equation 3.10, the Frequency Index Defect
Ratio (FIDR) was found to be 0.74. Both MIDR and FIDR are used in converting Class
3 contractor predictions to Class 1 predictions.
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W UC:AL:.47 CONTRACTOR: _______

SYSTEM: 04 ._______________ AIRCRAFT MODEL:

* PART I CONTRACTOR DATA

CONTRACTOR PRPDICTIONS -
CLASSA 3 DESIGN MAINT. REQ. PART 11 SYSTEM CONSTANTS

ML MMHIFH MA/FH I j HM EMT/MAPAMER- -
PARAMETE BSAE PROD

MEN 0  AVG NO. MEN - 0 LEVEL 1.3
__________________________ MENI AVG NO. MEN - I LEVEL 1.1

OESION/PERFORMANCE PARAMETERS MOIR MM4H/FH I LEVEL RATIO .98
-FIIR MA/FM I LEVEL RATIO .37

Woe

PART III SYSTEM ANALYSIS

PARAMETER CALCULATION(A(a%

MMM/FH 0  MAINT. INDEX GRAPH

BASELINE MM

Ii) PREDICTED

MA/PM0  FRED. INDEX GRAPH

BASELINE

(2) - PREDICTED

MMHIMA 0  MMH/FH 0 MAIFH 0

(31

EMTIMA0  MIH IMAQ MEN 0

(41

MIFM MMAH/FH 0 X M4IIA

X

X

MMI-4/FH + MA/FHI
MM.H/MA I

( 7)

EMT/MA 1

18I

MMHFH M/HFH

FIGURE 5.12-1 Workiliest for Evaluating Systam Maintenance Rsquie9.onts
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5.13 MISCELLANEOUS UTILITIES SYSTEM - WUC 49

Selected Parajetrs: Empty weight.

Number of Regression Eguations Run: 5

"aramt Consider and Reeted: Engine quantity.

---mn-& : Miscellaneous Utilities comprise such subsystems ,is Fire Detection, Air

Driven Turbine Starter and Flight Recorder and is generally considered a low
maintenance system. Type equipment assigned to this system varies considerably
between aircraft. Maintenance was found to be primarily a function of aircraft
empty weight.

The F-4J was not used due to excessively high maintenance for the air driven
turbine subsystem. The F-18A predicted MMH/FH and MA/FH values were too high to
be plotted on the index graphs. This is probably due to differences in the
subsystems between the F-1BA WUC and the Standard WUC used for the regression
analysis.
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TABLE 5.13-2 REGRESSION ANALYSIS SUMMARY

WUC: 49 SYSTEM. -tMiscellanepbus Utilitie

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EMPTY
ACFT ERROR x 103 LBs

ACTUAL CALCULATED (WTMT)

A4M .005 .002 .003 10.4
A6E .035 .046 -.011 26.0
A7E .022 .026 -. 004 18.9
AV8A .004 .006 -. 002 12.0
F8J .038 .029 .009 19.8
F14A .084 .081 .003 38.2
S3A .050 .048 .002 26.6

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI a 0.0275 + 0.0028 (WTMT)

SCORRELATION COEFFICIENT r = 0.9717
STANDARD ERROR OF ESTIMATE S . 0.0072
CONFIDENCE LEVEL, 95% 2S - t0.0144
NUMBER OF OBSERVATIONS N - 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL
_3M FI WEIGHS EMPTY

_ACFT IERROR X 10 M LBS
AACTUAL CALCULATED (WTET)

.A4M 001 .0007 .0003 10.4
A6E .007 .0074 -. 0O04 26.0
A7E .006 .0044 .0016 18.9
AV8A .001 .0014 -. 0004 12.0
F8J 004 .0047 .0007 19.8
F14A .013 .0126 .0004 38.2

, S3A .007 .0076 -. 0006 26.6

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.0036 + 0.0004 (WTMT)

CORRELATION COEFFICIENT r = 0.9795
STANDARD ERROR OF ESTIMATE S = 0.0009
CONFIDENCE LEVEL, 95% 2S = ±0.0018
NUMBER OF OBSERVATIONS N = 7
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WUC. 49 -_ _ CONTRACTOR!--

SYSTEM: miscellaneous Utilities __________AIRCRAFT MOD0I. ___________

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. REM. PART 11 SYSTEM CONSTANTS
MLW MH/FH I_______H/A MTM PARAMETER 20g RE

1AV M/AETM MEND AVG NO. MEN -0 LEVEL 2A.0 IRE

_________________________MENI AVG NO. MEN. I LEVEL 1.3

OESIGN/PFRFORMANCE PARAMETERS IR MHFILELRA; .9

__ __ __ __ __ __ -- FIR MA/FH I LEVIEL RATIO .35

* ~~Weiqjht Emlpty, ihs.J--

PART III SYSTEM ANALYSIS

PARAMETER CALCULATION IA)(a

MMH/:H 0  MAINT INDEX GRAPH /

(1)PR DCE

131

MMH MM H F:H )(MAFH

MMMH'FH - /'

MMH/MAA MA MEN 77 ~' ~ '7

EMTiMA 1  MM0A~E 1  
~/<

(4)

MMH/FH ~MMH/FH 0 X______ 1`______11H__

FIUE51- okhe frEautn ytmMjnHamRqieet

MM5 80

MAV xFN

MA/F- 1~- -- /z



5.14 INSTRUMENTS SYSTEH - WUC 51

Selected Parameters: Avionics weight uninstalled.

Number of Regression Eouations Run: 5

Parameters Considered and Helected: Avionics weight installed and empty weight.

C.mmats: The design parameter having the greatest influence on Instrument System
maintenance was uninstalled avionics weight. As aircraft avionics weight
increased, so did instrument maintenance. Five aircraft were used in the
regression analysis with the other three rejected for the following reasons.

S-3A actual maintenance (MtAH/FH) ran 62% less than the calculated value based
on its given avionics weight. One reason for this can be attributed to improved
instrumentation design especially in wiring and cockpit gauges. S-3A fuel quantity
indication subsystem maintenance was five times less than the F-14A and three
times less than the A-7E and AV-8A. Flight/navigation instrument maintenance was
half the F-4J and five times better than the A-6E. At I-level, S-3A maintenance
was as low as the less complex A-4M.

The AV-8A on the other hand required 2.5 times more maintenance than its
calculated value, higher than normal maintenance showed up in fvel quantity
indication and flight/navigation instruments.

The F-8J also required 2.5 times the maintenance for its given avionics
weight. Problems with flight/navigation instruments caused the F-6J to require as
much maintenance as the more complex, two-seat A-6L.
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TABLE 5.14-2 REGRESSIUN ANALYSIS bUMMANY

WUC: 51 SYSTEM: Instruments

MAINTENANCE INDEX ESTIMATION - MMH/Fli 0 LEVEL

3M MI WEIGHT AVIONICS
ACFT ERROR UNINSTALLED X Io3

ACTUAL CALCULATED _________

A41 .210 .197 .013 .517A6E .593 .604 -.011 1.920
A7E .412 .391 .021 1.185

F4J .471 .531 -. 060 1.669F14A .788 .750 .038 2.422

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - 0.0465 + 0.2906 (WTAVUN)

CORRELATION COEFFICIENT r - 0.9840
STANDARD ERROR OF ESTIMATE S - 0.0441
CONFIDENCE LEVEL, 95% 2S - .0882
NUMBER OF OBSERVATIONS N - 5

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT AVIONICS
UNINSTALLED X 103ACFT ERROR LBS

ACTUAL CALCULATED LWTAVUN)

A4f! .057 .060 -. 003 .517
A6E .155 .126 .029 1.920
A7E .089 .091 -. 002 1.15
F4J .106 .114 -. 008 1.669
F14A .133 .149 -. 016 2.422

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI - 0.0360 + O.04b7 (WTAVLIN)

CORRELATION COEFFICIENT r = 0.P907
STANDARD ERROR OF ESTIMATE S = 0.0199
CONFIDENCE LEVEL, 95% 2S = ±0.0398
NUMBER OF OBSERVATIONS N = 5
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WUC: 5 ________ CONTRACTOR: ___________

*SYSTEM: ifInstrumenfts -AIRCRAFT MODEL:__________-

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. REG. PART 11 SYSTEM CONSTANTS

ML MMH/FH JMA/FH MMH/MA EMT/MA PARAMETER BASE PRED

.1MEN 0 AVG NO. MEN - 0 LEVEL 1.9~
_____________________ MENI AVG NO. MEN -I LEVEL 1.3

DESIGN/PERFORMANCE PARAMGTERS MIIR MMHI'PH I LEVEL RATIO .16
- ' FIR MA/FH I LEVEL riATIO .29

* I~Weight Avionics Uninstalled, lb

PART III SYSTEM ANALYSIS

PARAMETER CALCULATION (A)18

MMH/F14 0  MAINT INDEX GRAPH/"'

BASE LINE

(ii PREDICTED

MA/FM FREQ, INDEX GRAPH/. _____

BASELINE
12). .......

MMHIMA 0 FMN`HFH 0 - MA/FH 0

(3)

FMT/MAQ 0 1MA'4N

MMH/FH MMH/'rH x MI

X

(6) - /

(7)

MMH/MA, -EN
E!MT/MA f

__V____/_FH MMH/FH 0 MMH/FM

F I G VRE 5.14- 3 Wor ksheet faf Evaluating Systam Maintenance Requiemgwst

5-86



5.15 FLIGHT REFERENCE SYSTEM - WUC 56

Selected Parameters: Avionics weight installed.

Number of Reuression Equations Run: 13

Parameters Considered and Re lected: Empty weight, maximum takeoff weight and
avionics weight uninstalled.

COMn3.a: The A-6E and S-3A were eliminated because of poor regression cor-
relation. The actual values for both aircraft were much below the norm and the
calculated values. This may be due to deficiencies in the Standard WUC.

r
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TABLE 5.15-2 REGRESSION ANALYSIS SUMMARY

WUC: 56 SYSTEM: Flight Reference

MAINTENANCE INDEX ESTIMATION - MMHiFH 0 LEVEL

3M MI WEIGHT AVIONICS
ACFT ERROR INSTALLED X 103 LB!

ACTUAL CALCULATED (WTAVIN)

A401 .045 .044 .001 .612
A7E .159 .205 -. 046 1.347
AV8A .067 .040 .027 .590
F4J .487 .487 .000 2.641
F8J .094 .090 .004 .819
F14A .588 .574 .014 3.039

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.0890 + 0.2182 (WTAVIN)

CORRELATION COEFFICIENT r = 0.9945
STANDARD ERROR OF ESTIMATE S = 0.0276
CONFIDENCE LEVEL, 95% 2S = ±0.0552
NUMBER OF OBSERVATIONS N = 6

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT AVIONICS
ACFT ERROR INSTALLED X 10 LB!

ACTUAL CALCULATED (WTAVIN)

A4111 .009 .019 -.010 .612
A7E .056 .054 .002 1.347
AV8A .021 .018 .003 .590
F4J .103 .117 -. 014 2.641
F8J .038 .029 .009 .819
F14A .147 .136 .oil 3.039

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.0106 + 0.0483 (WTAVIN)

CORRELATION COEFFICIENT r = 0.9818
STANDARD ERROR OF ESTIMATE S = 0.0112
CONFIDENCE LEVEL, 95% 2S = ±0.0224
NUMBER OF OBSERVATIONS N = 6
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wuý-6CONTRACTOR:_____;_

SYSTEM:_Flicitit Reterence AIRCRAFT MODEL.:_________

* PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. REG. PART 11 SYSTEM CONS"ANTS

MIL MMH/FH MA/FH jMMH/MA EMT/MA [PAAEEI AE AD

IMEN 0  AVG NO. MEN -O0LEVEL 1.
__________________ MEN, AVG NO. MEN - I LEVEL 1.

*.DESIGN/PERFORMANCE PARAMETERS FuIR MAH/FH I LEVEL RATIO

Weigmlt Avionics Installed, lbs.I

PART (il SYSTEM ANALY'rIS

EASl NE PRED;CTED IMPROVEMENT
CLASS I CLASS IERDAIN
:1iADATA 3M DATA IC)

PARAMETER CALCULATION IA) (1 A

MIVIHFH NAIN F INDEX ',HAI'H

BASE LINE 7 Z Z
Ill PREDIC.TED

FREQ. INDEX GRAPH

MA/F0  -~ BASELINE

PR EDICTi

MMH/MAQ MHF4+MAF 0  _____Z

(3)

MMH/,MAO M
EMT/MA 0  N / ///

141 $X7
MMHPH MHi'I X M1114

X

161

MMH ,MA MMH~~IFH MA' FH1 tj>/'<'. '4;. k

17) -W

EMIT/MA 1  MMH,,MA1 -MEN 1  4/

MMH/F MMI-/FH 0 MMH/F11 _________

FIGURE 5.15-3 War ksheet for Evaluating System Maintenence Requir ements
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5.16 INTEGHATED GUIDANCE AND FLIGHT CONTROLS SYSTEM - WUC 57

Selected Parameters: Empty weight and avionics weight uninstalled.

Number of Rezression Eouations Run: 12

Parameters Considered and Relected: Combat weight, maximum takeoff weight and
avionics weight in3talled.

CoMonts: The A-6E and the -.8J were eliminated due to poor regression correla-
tion. The Standard WUC may not be adequate for these two aircraft.
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TABLE 5.16-2 REGRESSION ANALYSIS SUMMARY

WUC: 51 SYSTEM: Integrated fluidancpl*:light Contric;

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL
3M MI WEIGHT EMPTY

SACFT ERROR x Io3 LBS
ACTUAL CALCULATED (WTMT)

A4M .056 .095 -. 039 10.4
A7E .241 .202 .039 18.9
AV8A .139 .121 .018 12.0
F4J .299 .289 .010 30.8
F14A .299 .327 .028 38.2
S3A .262 .263 -. 001 26.6

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.3225 + 0.1783 In (WTMT)

CORRELATION COEFFICIENT r = 0.9540
STANDARD ERROR OF ESTIMATE S = 0.0328
CONFIDENCE LEVEL, 95% 2S = ±0.0656
NUMBER OF OBSERVATIONS N = 6

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M Fi WEIGHT AVIONICS
ACFT ERROR ININST ED X 1o3

ACTUAL CALCULATED _(WArUN)

A4H .0110 .0244 -. 0134 .517
A7E .0520 .0410 .0110 1.185
AV8A .0320 .0220 .0100 .460
F4J .0400 .0480 -. 0080 1.669
F14A .0530 .0554 -. 0024 2.422
S3A .0640 .0612 .0028 3.240

STATISTICAL PARAMETERS:
REGRESSION EQUATION Fl - 0.0376 + 0.0201 In (WTAVUN)

CORRELATION COEFFICIENT r = 0.8555
STANDARD ERROR OF ESTIMATE S = 0.0109
CONFIDENCE LEVEL, 95% 25 ±0.0218
NUMBER OF OBSERVATIONS N = 6
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wUC. 5
7  CONTRACTOR:-

SYSTEM: _Integrated Guidance and Flight Controls AIRCRAFT MODEL:

PART I CONTRACTOR DATA

CONTRAC'OR PREDICTIONS -

CLASS 3 DESIGN MAINT. REG. PART II SYS"FM CONSTANTS

*V'L NIHF IF M/A EMT/MA
. PARAMETER BASE PED

__ __ _ _ -__ _ __ __ _ I -- - -
MEN 0  AVG NO. MEN 0 LeVEL 2.0

IMENI AVG NO. MEN -- I LFVEL 1.4

IMIR I MMHIFH I LEVEL RArIO .54

DESIGN/PIRFORMA NCR PARAMETERS IIR MA/FH I LEVEL RATO .54

FIIR MA/FH I LEVEL RATIO .3

Ueiqht Fi'pty, lhs J-
teiIht Avionics Uninstalled, lbsi

PART III SYSTEM ANALYSIS
BASELINE! PREDICTED IMPROVEMENT

CLASS 1 CLASS1 (IVEGRADATION|

3.M DATA 3.M DATA fC)

PARAMETP.F CALCULATION (A) %

MM,.FHC MAINT INDEo o/ /./

BASELINE

SIll .oPREDICTED

cREa. INDEX GR~APH
MAf F H

BASFI LINE

12HI~ N MII V lr/, MA" I

(217

E-TMA0  MMH/MAo - MENOSEMT/MA 0/;'/ /77;":,7-77,
14)

MMH/FH MMH/FH X MIIRn

•, (7M/F1 , .. .. .0

(ST I

M/HMA,FH ~x FIIH //t/

"MMH'MA, MMHIF H MA

BMTMA1 - NIMIf MAI MIFN,

.___ ____ ____ __'I

IHj. (910 M H tFH I

FIGURE 5.16-3 Workshest for Evaluating System Maintenance Requirmefits
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5.17 COMMUNICATIONS SYSTEM - WUC 60

Slce P__ 4aj=.: EMpty weight and avionics weight installed.

Laer of Remr'es3io.., Eguations Run: 9

.2jar~aer-s Considered and Re'ected: Combat weight, maximum takeoff weight and
avionics weight uninstalled.

f .Coejit: The Standard WUC was inadequate to analyze the subsystems under SWUC
60. Only two aircraft reported VHF (SWuC 62) maintenance and five reported
Interphone (SWUC 64) maintenance. The wide range of values reported to CNI (SWUC
67) and Miscellaneous (SWUC 69) could not be identified to specific equipment. To
achieve a fair analysis for all aircraft, it was deciaed to combine all subsystems
under SWUC 60.

The F-14A was eliminated due to poor regression correlation. both MMh/FH and
MA/FH reported to SWUC 69 were extremely high due to equipment unique to the
F-14A.
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TABLE - REGRESSION ANALYSIS SUMMARY

WUC: 60 SYSTEM: I•,i,,,i•tiA.,n

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT EMPTY WEIGHT AVIONICS
ACFT " ERROR x IO3 LBS INSTALLED X 1O3

ACTUAL CALCULATED (- -Tw- .

A4M .192 .180 .01? 10.4 .612
A6E .379 .422 -.043 26. 0 2.329
A7E .256 .302 -. 046 18.9 1.347
AV8A .234 .196 .038 12.0 .590
F4J .546 .486 .060 30.8 2.641
F8J .269 .287 -. 018 19.8 .819
S3A .513 .515 -. 002 26.6 4.223

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - 0.0428 + 0.0104 (WTMT)

+0.0460 (WTAVIN)
CORRELATION COEFFICIENT r = 0.9592
STANDARD ERROR OF ESTIMATE S = 0.0488
CONFIDENCE LEVEL, 95% 2S = ±0.0976
NUMBER OF OBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT EMPIY WEIGHT AVIONICS
ACFT - -- ERROR x 103 LBS INSTA

- ACTUAL CALCULATED (WTMT) j WT D XTN 0

A4M .068 .070 -. 002 10.4 .612
A6E .162 .160 .002 26.0 2.329
A7E .102 .115 -. 008 18.9 1.347
AV8A .082 .075 .007 12.0 .590
F4J .186 .184 .002 30.8 2.641
F8J .109 .109 .000 19.8 .819
S3A .199 .199 .000 26.6 4.2?3

STATISTICAL PARAMETERS:
REGRESSION EQUATION Fl 0.0194 + 0.0037 (WTHT)

+0.0190 (WTAVIN)
CORRELATION COEFFICIENT r = 0.9961
STANDARD ERROR OF ESTIMATE S 00)55
CONFIDENCE LEVEL, 95% 2S = Th.O11O
NUMBER OF OBSERVAIIONS N :7

'I~ l' 10
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. !-' ! _

SWUC 60. CONTRACTOR:-
SYSTEM.-Connunic!lo'i AIRCRAFT MODE -

PART I CONTRAC'TOR DATA

CONTRACTOR PREDICTIONS- 1
CLASS ý DESIGN MAINr. RE.Q. J PART 11 SYSTEM CONSTANTS

1 MENO AVF NM OV EMT/MAI 1-
- -PAflAMKTER BASE rRID

I -JMEN 0  AVG3 NO, MEN --0 LEVEL 1.6
__MENI AVG NO. MEN - I LEVEL 1.3

DESION/P1ERFORMANCE PARAMETC111S MIIR MMH/FH I LEVEL RAAIO .8
FIIR MA/FH I LEVEL RATIO .36

iWeight EmIwty bS. I. ...---
) L~eiqhit Avi°nlc,. Installed, Ins. -m

PART III SYSTEM ANALYSIST ' BASELINE PREDICTED IMPROVEM t "
SCLASS I CLASS I (0f.ORA3AT,ON$
! • ! ~~~~3-M DATA 3 .M M ATA 1 . . - ' '

PARAMETER CALCULATION (A) %B1

'MHF7 MA/N( INDEX GRAPH / /7', ,/
UASE\ IIJE

A.t-FH 0  .. . ... 4

MNIH/MAG MMH4/MA 0  MAFHO .... / .'/ . , '7 , ~ ~~~. /. . ./.

I", E iMMT/M4OA"MF0 I /fx,,•'7/•6''1•/ /, r ~i •

41~ I IN

MMH/F'I4 M~iFI-Io /_ 1 !EM6T/MAO

M M H/FH4 ...... 0 X ____

MAF I -

* x

IS'.x• , .. $//,/ /

I iM.''i F -- MA-/F140 X,'II, • S,•, ij
16) v . > __

_____MA F I II MM 3-I M , 4 /' 2'A"/ ,:'-///7,/;,7'

Stll/ \ M I -. 7./ ', ':.'" .• . , ,, , *f , .

-. = I " .:.,,,;iml N'
- MMI4 _FH I 14F MMH/FH,

FIGURF 5,17-3 Workihsnt for Evaluating SVstem Maintenan.l Req'qjren@RmntS
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5.18 NAVIGATIUN/WEAPON CONTROL SYSTEM - WUC 71, 72, 73, 74

i•t. Pdr.• Ir: Avionics weight uninstalled

Nuabser of Regresaion Eouations Run: 8

rfiarnmeara CgnsjureCdA _..nd.. cte: Empty weight, combat weight, maximum takeoff
weight and avionios weight installed.

Coam•nt: "he Navigation/Weapon Control system was the largest grouping of SWUC's
used in Lhe MIM. These systems were grouped together because the standard WUC's,
while an improvement over existing WUC's, were not definitive enough to allow
comparison of individual systems in the navigation arid weapon control area. For
example, BombJng Navigation (SWUC 73) was the high maintenance system for
attaok/ASW aircraft while Weapon Control (SWUC 74) was the high mainenance system
for fighter aircraft. In addition, the maintenance requirements for equipment
within a system were primarily a function of equipment design (old/new
generation), funcatonal capability and mission "equirement.

Excellent correlation was obtained using uninstalled avionics weight.
Historical data showed that as aircraft avionics weight increased, so did system
maintenance. This trend even held true for the newer generation aircraft (F-14,
S-3A) with improved avionics equipment. One reason for this trend was that
advances in design technology were offset by the addition of more equipment to tne
aircraft which had their mission requirements expanded.

The Navigation/Weapon Control system accounted for almost one-fourth of the
total unscheduled MIH/FH reported for each aircraft. Approximately one-half of
this maintenance was accomplished at O-level and one-half at I-level. At O-level,
one-half of all reported maintenance actions were "no defects" (Navy Responsible
Actions). At 1-level, one-fourth of the reported maintenanc: actions were "no
defects".

The F-4J was not ueed in the regression analysis due to poor correlation
results. Higher than normal radar maintenance in SWUC 74 would have distorted the
analysis.
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STABLE 5.18-2 REGRESSJION ANALYSIS SUMMARY

WUC: 71, 72, 73, 74 SYSTEM. Navigation/Weapon Control

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT AVIONICS
ACFT ERROR UNINSTALLED X

ACTUAL CALCULATED 103 LBS

A4M .597 .779 -.182 .517
A6E 2.049 1.922 .126 1.920
A7E 1.515 1.502 .013 1.185
AV8A .778 .677 .101 .460
F8J 1.08! 1.057 .024 .71'
F14A 2.202 2.125 .077 2.422
S3A 2.220 2.378 -. 158 3.240

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = 1.3541 + 0.8715 In (WTAVUN)

CORRELATION COEFFICIENT r = 0.9837
STANDARD ERROR OF ESTIMATE S - 0.1349
CONFIDENCE LEVEL, 95% 2S = ±0.2698
NUMBER OF OBSERVATIONS N r 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI jNYh'LLA X
ACFT ERROR LBS

______m ACTUAL CALCULATED (WTAVUN)

A40 .146 .204 -. 058 • .517
*A6E .530 .517 .013 1.920

A7E .404 .402 .002 1.185
AV8A .203 .177 .026 .460
F8J .314 .280 .034 .711
F14A .561 .572 -.011 2.422
S3A .636 .641 -. 005 3.240

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = 0.3616 + 0.2379 In (WTAVUIJ)

CORRELATION COEFFICIENT r = 0.9866STANDARD ERROR OF ESTIMATE S = 0.0334
CONFIDENCE LEVEL, 95% 2S = ±0.0668
NUMBER OF OBSERVATIONS N = 7
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.,1

WJ.C I.CONTRACTOR:---
SYSTEM:, NPavjqation/Weapon Control ARCRAFTMODEL,

____________ AIRCRAFT MODEL.

PART I CONTRACTOR DATA

CONTRACTOR PRrOICTIONS-
CLASS 3 DESIGN MAINT. RED, PART II SYSTEM CONSTANTS

M [ML MMH FH MA/FH MMH/MA EMT,'MA AA"
PARAMETER PRED

MEN 0  AVG NO. MEN 0 LEVEL .
_ _ _ _ _ _ _ _MEN I AVG NO, MEN - I LEVEL .6i . .. MIIR MMHtFH I LEVEL RATIO .94

OESIGN/PERFOIMANCE PARAMETERS FIIR MA/FH I LEVEL ATIO43____ I
tv(iqt. Avionicrs {Ininitalled, 1bs u AF EVLRTO j ~ -

PART ill SYSTEM ANA-LYSIS

BASELINE PREDICTED IMPROVEMENT
CLASS 1 CLASS J 4DEGRADATION)

TM DATA 3-M DATA (CI
PARAMETER CALCULATION (A) %S

MMtI/FHo MAIN'r INDEX GRAPH

MMII/FH0  MAINSAELINE

.,l PREDICTED /

MA/FM FREQ. INOX GRAPH

BASELINE

121
PREDICTED

NIIH.MA0  0 10 : , f
(3) / ,

EMT/MAo MMH/MA.) MEN0 "

MMH/FM )H- _______

MA,�; � M.M IAH//F ..0 ,i"'x
MAH, /. . , / ///// // : ',/,

,.,. _/,___/_,, ,,/ , // /j

(6 )X ......x

MMHtMA MMI H,"F'I MAF H I.'...

MMH M- _ _- I- 7 -.. . _.,., . . .. ____, ___, _

MMHW,M MN
EMTMAI 

______

zJ
MMH/FHM MMH/FH

0 ÷ MMH/FHI

FI GURE 5.18-3 Work hWet for EvaluLatin System Maintenance Requirements
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5.1A9 WEAPON DELIVERY SYSTEM -, WUC 75

Selecte arameters. Empty weight and number of pvlonj. Index co;nstants were
established for gun maintenance.

Number of Regression_,uation. Run: 14

Parameters Considered and Rejiected: Maximum takeoff weight, gun weight and useful
load weight.

Comments: Weapon Delivery system maintenance was fouod to te a function of empty
weight, number of pylons and whether an aircraft had a gun subsystem. Since three
aircraft did not have guns, the regression analysie waes conducted with run M*H/FH
and MA/FH deleted. Index constants of 0.082 MMH/FH and 0.017 MA/FH were
established for aircraft with a gun subsystem by averaging gun maintenance data:

AIRCRAFT MMH/FH MA/FH

A-4M .074 .019
A-7E .083 .019
AV-8A .055 .008
F-8J .106 .026
F-14A .•Q• .0Q2

TOTAL .412 .084

Gun MMH/IFH index constant: .412 " 5 .082
Gun MMH/FH index constant: .084 : 5 - .017

Results are displayed graphically in Figures 5.19-1 and 5.19-2 for aircraft
with and without a gun subsystem.

The F-14A was eliminated from the Maintenance Index analysis due to poor
regression correlation. Actual. hMH/PH wiuhout the gun ran 2.4 times greater
than the calculated value. The F- 14A required much highcr than normal
maintenance to launchers/racks and pylons. Thc A-4M, A-7 E awd F-114A were
eliminated from the Frequency Index analysis due to poor regression analysis.
Actual MA/FlI ran from 2 to 2.5 times greater than calculated values.

5.111
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TABLE 5.19-2 REGRESSION ANALYSI$ SUMMARY

WUC: 7,5 SYSTEM: ,Weaon Delivery

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI Weight Empty Number of Pylons
ACFT ERROR X 1O3 Lbs

ACTUAL CALCULATED (WTMT) (PYLQTY)

A0M .092 * .069 .023 10.4 5.0
A6E .082 .131 -. 049 26.0 5.0
A7E .190 * .213 ,.023 18.9 8.0
AV8A .084 * .075 .009 12.0 5.0
F4J .331 .297 .034 30.8 9.0
F8J .047 * .070 -. 023 19.8 4,0
S3A .053 .024 .029 26.6 2.0

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - -0.1563 + 0.0040 (WTMT)

+0.0367 (PLYQTY)
CORRELATION COEFFICIENT r a 0.9501
STANDARD ERROR OF ESTIMATE S 0.0390
CONFIDENCE LEVEL, 95% 2S = ±0.0780
NUMBER OF OBSERVATIONS N 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI Weight Empty Number of Pylons
ACFT ERROR X lO Lbs

* ACTUAL CALCULATED (WTIIT) (PYLQTY)

A6E .029 .023 .006 26.0 5.0
AV8A .017 * .015 .002 12.0 5.0
F4J .038 .040 -. 002 30,8 9.0
F8J '011 * .016 -. 005 19,8 4.0
S3A .013 .013 .000 26.6 2.0

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.0087 + 0.0006 (WTMT)

"+0.0034 (PLYQTY)
CORRELATION COEFFICIENT r = 0.9348
STANDARD ERROR OF ESTIMATE S = 0.0058
CONFIDENCE LEVEL, 95% 2S = ±0.0116
NUMBER OF OBSERVATIONS N = 5

* Gun Data Excluded

5-13
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w WC 75 CONTRACTOR:-

SYSTEM: W'Iftl U11 ve,' AIRCRAFT 0OOEL:

PART I CONTRACTOR DATA

COCNTRACTOR PREDICTIONS -
CLASS 3 DESIGN MAINT. REG. PART II SYSTEM CONSTANTS

MMA/FH MMHWA L" !T'MAt~ __ _ __ _PARAMETER UA111 P14ED
1 MENO AVG NO. MEN 1) LFVCL •',

__________________ MENI AVG NO~. MEN - I .EVEL 1.5

IOESIGN/PERPORMANC PARAMETERS M.R MMH/FH I LEVrL '•ATIO .50
-- IPA VA/FH I LEVEL RATI ri46

'I 4ight Empty, Ibs,
|Number of PylowcI
Gun Factor, I or 0

PART III SYSTEM ANALYSIS

BASELINE PREDICTC)D IMPROVEMENT
CLASS 1 CLASS 1 (OEGRADATIlINI

3,M DATA 3.M DATA (Cl
PARAMETER CALCULATION (A) PSI %

MMMPH MAINT IN)E\ 7~~A~ 7t7, ýZ -/

RAI;(: 1,

Ill PREDITED'

MA/PH0  *9EO INCEX (J'AP9- -/'/./

HAELINEI/ . i

MMH/MA(21 PRFDICTED ,.,,' /// .

(3!

EMTMAQ MMH/MA - MEN

MMH/FH MMH/Flio X MuI

Is) x

"N M" H F H• MA F,.H/ h7.7;7,,3,/

______ 4A
MA/1H1  MA/HQIMA MEN '.

471 ___'i/t__tl___,____.* .- 'x3./," .,* •'/4/ /llsl'//..z

x r.',////!•/.I//,/ 1/

EMT/MAI MIA MN

M,/FH0 .1  MMH/FH 0 _M FI j//___//I__ i' -

FIGURE 5.19-3 Work,,hat for Evaluating System Maintanan.s Requirement:
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5.20 ELECTRONIC COUNTERMEASURES SYSTEM - WUC 76

Z P Aram ateern: Empty weight.

NjUlaer_.ofBegrg s ion Lguaion hula: 5

L.ramfijr& Considered and Relected: Maximum takeoff weight, avionics weignt
"installed and avionics weight uninstalled.

C 1mmants: ECM maintenance was found to be a function of' empty weight. Fighter
aircraft with their more hostile mission requirement required more ECP
maintenance than the attack aircraft.

Aircraft eliminated Lrom the regression analysis were the F.-3J, S-3A and
AV-8A. The F-8J had very high ECM maintenance caused by two radar sets.

* The S-3A exhibited low maintenance since it had mirimal equipment, The
AV-8A did not have ECM equipment.

5-1 17
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TABLE 5.20-2 REGRESSION ANALYSIS SUMMARY

WUC: 76 SYSTEM: _c_]

MAINTENANCE INOEX ESTIMATION - MMH/FH 0 LEVEL

3H MI WEIGHT EMPTYAC ERROR X 103 LBS
ACTUAL CALCULATED _ . (WTfIT)

A0M .062 .044 .018 10.4
A6E .180 .206 -. 026 26.0
A7E .125 .132 -. 007 18.9
F4J .249 .256 -. 007 30.8
F14A .355 .333 .022 38.2

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI = -0.0645 + 0.0104 (WTMT)

CORRELATION COEFFICIENT r = 0.9843
STANDARD ERROR OF ESTIMATE S = 0.0231
CONFIDENCE LEVEL, 95% 2S = ±0.0462
NUMBER OF OBSERVATIONS N - 5

FREQUENCY INDEX ESTIMATION MA/FH 0 LEVEL

3M FI WEIGHT EMPTY
ACFT - ERROR X I03 LBS

ACTUAL CALCULATED (WTMT)

A4M .0120 .0123 -. 0003 10.4
A6E .0340 .0381 -. 0041 26.0
A7E .0320 .0263 .0057 18.9
F4J .0390 .0460 -. 0070 30.8
F14A .0640 .0583 .0057 38.2

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI -0.0049 + 0.0016 (WTP4T)

CORRELATION COEFFICIENT r = 0.9516
STANDARD ERROR OF ESTIMATE S 0.0066
CONFIDENCE LEVEL, 95% 2S = ±0.0132
NUMBER OF OBSERVATIONS N = 5
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WUC.. 76 CONTRACTOR.

SYSTEM: Electronic Countermeasures AIRCRAFT MODEL ,

PART I CONTRACTOR DATA

CONTRACTOR PREOICTIONS -

CLASS 3 DESIGN MAINT. REO. PART II SYSTEM CONSTANTS
[ML MMH/FH MA/FH MMH!MA JEMTLVA]

0 PARAMETER BASE PREO

_ _MEN AVG NO. MEN 0 LEVEL 2.0

MENI AVG NO. MEN - I LEVEL 1.5

MIIR MMH/FH I LEVEL RATIO .83
DESIGN/PERFORMANCE PARAMETERS FIIR MA/FI, I LEVEL RATIO .35

* IWleight Empty, lbe.i

PART III SYSTEM ANALYSIS

BASELINE PREDICTED IMPROVEMENT

CLASS I CLASS 1 IDEGRADATIONI
3.MA DATA 3-M DATA IC)

PARAMETER CALCULATION (Al %
VAIN' IN'E GHAPH //7• 77, - /

MMH/FHO Z/,z2zz•~'~•
BASýzLINE

l'REWCTED ,

SMAPHo ,FREO iNDEX URAPH ,' < .' ,., / 7, -- 2.-.,
0)BASELINE Z'

PREDICTED / /// I
MMMA MMHIFH MF , , ,,I

MM_ MA 7 MEN7.... ,
MF 0EMT/MA 0 ,, 0 ',/,,'.'/ -/

(41 § j y-

MM/ 1 -MMH/FH 0 X MOA 77 .'. /7

" IS) k'/.//// . ,//- .MH/FMAI F'

MMH.'A1  -MMHFH 1  MA/ H

171

0MMH.FH1  MMH,FHO * MMH/FHI

FIGURE 5.20.3 Workshst for Evaluating Syntrm Meaintenan Requo, ,ments
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5.21 MISCELLANEOUS EQUIPMENTS - WUC 90

SSelected Parameters: Maximum takeoff weight and crew size. Index constants

were established for drag chute.

Number of Regression Eguations Run: 6

Parameters Considered and Rejected: Empty weight.

CM: "iscellaneous Equipments comprise such subsystems as
emergency/personnel equipment, explosive devices and drag chutes. System
maintenance was found to be a function of maximum takeoff weight, crew size and
whether an aircraft had a drag chute. Since only two aircraft had drag chutes,
the regression analysis was conducted with drag chute MMH/FH and MA/FH deleted.
Index constants of 0.014 MMH/FH and 0.007 MA/FH were established as follows:

AIRCRAFT MIH/FH MA/FH

A-4M .017 011
F-4J .011 004

TOTAL .028 015

Drag chuue MMH/FH index constant .028 2 = .014
Drag chute MA/FH index constant .015 2 = .007

These constants should be added to the regression equation total for' those
aircraft requiring drag chutes.

The F-4J was eliminated from the regression analysis due to very high
maintenance for explosive devices.

5-4
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TABLE 5.21.2 REGRESSION ANALYSIS SUMMARY

WUC: 90 SYSTEM: Miscellaneous Equipment

MAINTENANCE INDEX ESTIMATION - MMH/FH 0 LEVEL

3M MI WEIGHT MAXIMUM CREW SIZE
ACFT ERROR TAKEOFF X 103 LBS

ACTUAL CALCULATED (WTMXTO) (CREW)

A4M .046 * .046 .000 24.5 1.0
A6E .030 .050 -. 020 60.4 2.0
ATE .033 .024 .009 42.0 1.0
AV8A .046 .046 .000 24.6 1.0F8J .030 .034 -. 004 34.0 1.0
F14A .045 .035 .010 72.5 2.0
S3A .161 .158 .003 52.5 4.0

STATISTICAL PARAMETERS:
REGRESSION EQUATION MI - 0.0272 - 0.0012 (WIMXTO)

+0.0491 (CREW)
CORRELATION COEFFICIENT r = 0.9767
STANDARD ERROR OF ESTIMATE S = 0.0123
CONFIDENCE LEVEL, 95% 2S = *0.0246
NUMBER OF OBSERVATIONS N = 7

FREQUENCY INDEX ESTIMATION - MA/FH 0 LEVEL

3M FI WEIGHT MAXIMUM CREW SIZE
ACFT ERROR TAKEOFF X I0 3 LB!

ACTUAL CALCULATED (WTMXTO) (CREW)
A4M .016 .012 .004 24.5 1.3
A6E .012 .026 -. 014 60.4 2.
A7E .014 .006 .008 42.0 1.2
AV8A .007 .012 -. 005 24.6 i.0
FSJ .008 .009 -.001 34.0 1.0
F14A .029 .922 .007 72.5 2.0
53A .084 .081 .003 52.5 4.0

STATISTICAL PARAMETERS:
REGRESSION EQUATION FI = -0.0057 - 0.0003 (WTMXTO)+0.0262 (CREW)
CORRELATION COEFFICIENT r = 0.9591
STANDARD cRROR OF ESTIMATE S = 0.0095

, CONFIDENCE LEVEL, 95% 2S = ±0.0190
* NUMBER OF OBSERVATIONS

$ * Drag1 Chu,,e Data E~cluded
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WUC. CONTRACTOR:..___ ___-

SYSTEM: Miscellaneous Equipment AIRCRAFT MOOP.L:._______ ___

PART I CONTRACTOR DATA

CONTRACTOR PREDICTIONS -

CLASS 3 DESIGN MAINT. REG. PART 11 SYSTLM -ONSTANTS

1 _MEN 0  AVG NO. MEN -0 LEVEL 1.5
_________________MEN 1  AVG NO, MEN I. LSVEL 1.1

* I DESGN~ERPRMNCEPARMETRSMIIR MMM/FH I LEVEL RATIO . 18

Weight Ilaximum Takeoff, lbs. FuIR MAIPH I LEVEL RATIO .16

Crew Size
Drag Chute Factor, I or 0

PART III SYSTEM ANALYSIS

BASELINE PREDICTED IMPROVEMENT
CLASS I CLASSI 1 (DEGRADATION)

'-.M DATA 1 M OATA (C)
PARAMETER CALCULATION (A) L\ %

MMH~I.I0 MAINT 1NOLt- GAPH Z121i"

BASEiILINE

MMHIMA 0  0MH 1H NIA // H

EMTiMA 00

441

* ~MAl H , I '~TT ' xTi ~T~771
MA/FM 1

(771

* MMH/MMA

MRMT'MA MEN,

j MMH/FHp mmH/FI41

FIUR 521*.3 Wwoksheet for Evaluating System Maintsenance Requrements
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PART III

EVALUATION AND ANALYSIS OF SELECTED COMPONENT INSTALLATIONS

6.0 FIVE DIGIT WORK UNIT CODE (COMPONENT) ANALYSIS

6.1 INTHODUCTION

The previous sections of this Handbook concerned an analysis of system
level maintenance for use as a predictive tool on new procurement aircraft.
Once the contract has been awarded, detailed design begun, and preliminary
maintenance predictions on specific equipment made, a method to evaluate or
compare these new designs to existing configurations, so as to retain the
favorable maintenance features and avoid the poor maintenance features, would be
an asset. Additionally, to know the relative costs, maintenance-wise, of given
features would provide the necessary substantiation for acceptance or rejection
of design trade-offs in terms of potential life cycle costs.

This section of the Aircraft Maintenance Experience Design Handbook
addresses the relationships between certain qualitative features and their
impact on maintenance. Components are grouped according to function and a
discussion of how or why a particular feature drives the 3-M maintenance data is
included. Supportive tables and graphs documenting the maintenance experienced
in the Fleet are also presented as adjunctive pages to the discussions.

A general statement concerning component design may be drawn from the
analyses of component qualitative and quantitative data presented here. That
is, whenever operational availability of aircraft is of paramount concern,
planners must give weighted consideration to the fact that equipment failures
will occur at critical points during aircraft utilization regardless of the pro-
jected or realized MTBF. At this time, the single factor limiting recovery and
mission operation success or continuance is the elapsed time required to affect
a "fix". In the majority of instances a remove and replace action on a compo-
nent will constitute the "fix". Therefore, the maintainability aspects of
installation design must be emphasized for all systems critical to mission
success. Toward this end, the analysts' major recommendations contained in this
section of the handbook and formulated from the qualitative data available,
common maintainability practices and previous maintenance experience may be
summarized as follows:

1) liestrict the number and type of fasteners/latches associated with
frequently used access panels. This can be accomplished by utilizing one or
more of the following: use hinged doorj with quick release latches, use quick
release fasteners instead of screws, or break large surface panels into several
smaller ones held in place with quick release fasteners.

* 2) Pequire that Built-in-Test provisions or built-in-Test Equipment be
made an integral part )1 all new designs to satisfy all after installation
3erviceabiiity/functional checks, including integrated systems checks, when
applicable, to eliminate the need for peculiar ground support equipment or test
equipment.

3) Utilize rack and panel type connectors on electronic equipment wherever
possible even if its use dictates design of an adapter to convert the wide
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" variety of equipment now available to rack and panel type mounting; and promote
the further development of rack and panel connector technology.

J4) Disallow removal or, disruption of adjacent non-associated equipment/
hardware to accomplish a removal or adjustment action.

Adoption of these recommendations and others made on specific functional
components in part or in whole would improve the installation, maintainability-
wise, thus enhancing the "fix" time and increasing the availability of the
aircraft for its intended mission.

6.2 BASIS OF QUALITATIVE AND QUANTITATIVE DATA USED

6.2.1 Qualitative Data

Two studies, accomplished by Vought Corporation (References 6 and 21) for
Naval Air Systems Command (NAVAIR), delved into the qualitative aspects of a
select list of maintenance significant components. Candidate components eval-
uated in these studies were selected on the basis of elapsed maintenance time
and frequency of maintenance as exhibited in Navy 3-M data. The final list of
component installations investigated was based on those candidate items which
were available at the survey sites. A total of nine Navy aircraft were involved
in the two studies: A-4M, A-6E, A-7E, F-4J, F-8J, F-14A, AV-8A, P-3C and S-3A.
Functionally similar components, when available, were evaluated on all aircraft

* whether or not they were indicated by 3-h as maintenance burdens. This allowed
a comparison of strong and weak features to be made. The study investigators
evaluated the selected components in the light of what must be done to remove,
replace, and functionally check the item. In other words, how good was a
particular design in facilitating maintenance? How good was the product's
installation maintainability? Evaluations were made without regard to design
trade-offs or acknowledged maintainability compromises, and, as sucn, are
representations of ideal maintainability constraints.

These two studies form the base from which the qualitative considerations
presented in the component discussions in this Handbook are drawn.

6.2.2 Quantitative Data

Data used in this Handbook was derived from the Navy Maintenance, Manage-
ment and Material (3-M) System. The majority of the data used was obtained from
the Naval Aviation Logistics Center (NALC) through the use of their ASMRA
(Adjustment of Scheduled Maintenance Requirements through Analysis) programs,
References 2 through 4. Flight hours for the time period covered were obtained
from the Navy Fleet Maintenance Support Office (FMSO) via the Fleet Weapon
System Reliability and Maintainability Statistical Summary Tabulation, Reference
9.

� Specifically, the ECIP (Equipment Cross Index Program) series of' the ASMkA
programs provided all of the maintenance data requi.'ed except average remove and
replace time. This average remove and replace time was obtained from the ECA
(Equipment Condition Analysis) serLes of ASMRA programs. A more detailed
description of the processes used by the AaMHA system to process Navy I-M data
can be found In Appendix D.

6-2
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Data for all the aircraft, except the "'F-bJ and the remove and replace
values, represents the time period of July, 1975 through December, 1976.
Because the F-8J was being phatied out during this period, an older more
representative base was needed and the period selected was July, 1974 through
December, 1975. The reonove and replace data available ihrough the ASMRA ECA
programs were also for an eighteen month periou, however, the period was
January, 1975 through July, 1976. The difference in data base time frame for
the remove and replace actions is not deemed significant since these actions
remain relatively constant and numbers presented are an average value for all
like actions.

6.3 PHESENTATION

6.,.1 General Organization

Each of the functional component analyses is presented in three 3heets.
The first is a tabular display of the 3-M maintenance data each aircraft
experienced during the selected time frame, for the Work Unit Codes listed. The
second is a graphical presentation of several Organizational parameters deemed
the most significant in describing the maintainability/maintenance costs of a
component. Finally, the third is a comparison of the quantitative data
presented on sheets one and two and the qualitative data contained in the
Qualitative Maintenance -Exriee Handbook and the supplement thereto
(References 6 and 21). The comparison emphasizes the remove and replace
quantitative data since it relates most directly to the qualitative information.

6.3.1.1 Tabular 3-M Maintenance Data

The data experienced by cach aircraft in the study is displayed in a series
of tables. There is a table for each set of functional components described in
References 6 and 21. The tables are identified by the functional coriponent
nomenclature e.g. Nose Landing Gear Wheel and Tire Assembly.

The next entry on the page describes which components were investigated by
elaborating the precise Work Unit Codes (WUCs) for which 3-M maintenance data
was extracted. Work Unit Code Manuals, (References 22 through 30) document Work
Unit Codes to equipment nomenclature for each aircraft. Equipment surveyed is
annotated by the fifth level of indenture Work Unit Code. Data presented in the
tables include all 3-M maintenance information reported to this fif;h level of
indenture plus all maintenance recorded to more detailed subcomponents at the
seventh level of indenture. Additionally, where a Work Unit Code ended in. a
zero, data was compiled for all WUCs comprising that. system code (fourth level
of indenture). For example, if the WUC was 14360, then the data presented in
the table represents the summation of :naintenance reported for all codes
beginning 1436. This was required because of the lack of definition concerning
the componerts evaluated in the qualitative studies (References 6 and 21).

Historical data is presented for both Organizational level maintenance and
Intermediate level maintenance. Data elements presented for the Organizational
level are: Flight hours, Mean Flight Hours Letween Maintenance Actions (MFHBMA),
Maintenance Actions per F.light hour (MA/FH), Mean Time To Repair (MTTR), Mainte-
nance Manhours per Maintenance Action (MMH/MA), Men per Maintenance Action
(MhN/MA), Maintenance Manhours per ilight hour (MMH/FH), hemove and Replace time
(H+H) and Organizational plus Intermediate level Mean Time between Failures
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(0 + I MTBF). Data elements presented for the Intermedite level of maintenance
are the same as for Organizational less R÷R and 0 + I MTBF, which are not
applicable to that level. For the purpose of the analyses in this handbook,
MTTR iv defined to mean the amount of clock time per action required to affect a
repair or adjustment and is numerically determined by dividing the elapsed
maintenance time (EMT) by the number of maintenance actions (MA). The

- parameter, R+R, is defined as the average time required to remove and replace an
item as determilned by the value EMT/MA for only those actions which are coded
Action Taken Code "H". The definitions of the remainder of the data elements
presented are self explanatory.

The Intermediate level data presented herein is for informational purposes
only.

5.3.1.2 Graphiical 3-M Maintenance Data

Several of the data elements from the tabular pages are also displayed
graphically as an aid in comparing component installation experience by aircraft
and to facilitate comparison of the quantitative data to the qualitative fea-
tures. The data elements MTTR, MEN/MA, and R+R were chosen because they best
describe the impact a component installation tias on the maintenance technician
and on the reiativa costs of maintenance; thus, summarizing the on-aircraft
maintainability aspects of the component.

Maintenance Manhours per Flight Hour (MMH/FH) was also selected because
traditionally, maintainability impact is measured in this quantity. Finally, 0
+ I MTBF was chosen to provide information of an additional design trade-off
quantity to the user. A more detailed description of the ASMRA system data
processing and the definition of failure used by the ASMRA system in calculating
O + I MTBF can be found in Appendix D.

6.3.1.3 Comparative Discussions.

The objective of this sheet is to set forth what designers may expect to
incur in the way of savings or penalties by using a design similar to, or the
same as, current designs. These costs are based on what a similar design or
design trait is experiencing in the Fleet. In other words, what qualitative fea-
tures drive the quantitative values reported in 3-N up or down? To answer thir
question the data element H÷H and to some extent the data elements MTTH and
MEN/MA are evaluated and compared to the qualitative design infornation in the
Qualitative Maintenance Experience Handbook as s.pplerented, (References 6 and
21). These three elements were chosen because they best describe the effects of
the design on the maintainability of the component and are not affected by
frequency of failure or utilization.

The qualitative information presented in the comparative discussions is
only that information which was needed to answer the above question and is not
indicative of the total information contained in the Oualitative Maintenance
xp.erience handbook (References 6 and 21).

6.3.2 Detailed Procedures for Using the Data Presented

The total data package preiented i:( ine;nt a:, i guldf, for- the df.:i ignvr :;ir'i

the person evaluating the dsign. It. i:: meant to prov ide. i.n ipprectiJtionr, (•if he
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maintenance conts associated with a particular design feature currently in use.
i,4 With this information in hand, decisions on new design, design trade-offs, or

design changes can be made with the previous maintenance experience in mind.

The starting point in the use of this portion of the Handbook is the
comparative description. This section is an analysis of, the quantitative and
qualitative data. The description analyzes why, in terms of peculiar design

i features, the same functional component has different maintenance/maintain-
ability costs. After reading the description, the Handbook user can then
consult the tabular and graphical displays. F'rom these two presentations,
additional information can be obtained to support a decision on a particular
design. Use oi MMH/FH or MMH/MA can give the relative labor impact. Studying
the variations in MFHBMA and MTBF can give insight as to the reliability and
frequency of maintenance. Flight hours is a clue to aircraft utilization;
which, when combined with the operational nature of the component, will give a
good indication of the utilization of the component. Intermediate level
quantitative data can then be included to further expand the scope of the
evaluation.

The total information package thus presented may then be used to assist the
Handbook user in making design decisions.

6.4 ADDITIONAL NOTES AND CONSTRAINTS

In some instances the tabular data will have a blank line entry f'or an
aircraft instead of detailed maintenance data. This blank line is used to indi-
cate that the aircraft's particular functional component was not evaluated
qualitatively, or that the quantitative data did not reflect any maintenance
activity for that component. The lack of a qualitative description was caused
by either the lack of availability of the component during the qualitative
survey, or the lack of a similar component on that aircraft because of design,
configuration, or mission requirement. The use of the symbol N/A, not available
or applicable, in the Work Unit Code portion of the page is also indicative of
this condition.

Occasionally, the quantitative data on the tabular printout will indicate
general maintenance was performed during the eighteen month period, but no
remove and replace actions occurred, or vice versa. In most instances this is a
valid situation because all of the maintenance involved adjustments or repair .'f
the component on-aircraft and no paper work was initiated ,ith Action Taken Code
"R", Remove and Replace. Likewise, because of the slight difference in time
frames between the remove ano replace data and the remainder of the data, remove
and replace data may be depicted without the corresponding general maintenance
data. Where this occurs, the analysts have determined the caus2 and appropriate
comments are made in the comparative discussions.

Additionally, the analysts have attempted to avoid making comparisons of
qualitative features to quantitative values whenever the sample size made the
value statistically suspect. When this occurred, the parameter was discounted
from the analyses and mentioned in the narrative. Specifically, if the mainte-
nance data comprised a sample size of ten or less it was investigated to deter-
mine if it was statistically representative. In some instances larger samples
were discounted because the available information indicated inconsistencies
between the data sources. In other instances smaller sample sizes were

6-5
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considered valid because of the substantive agreement between the sources.

During the analyses of the component installations, notice was taken of the
occasional apparent disparities between the two sets of data obtained from the
ASMHA system. both sets of data share a common twelve months with the remainder
of' the eighteen months of data being at either' end of' the common time. At
times, resultant overlep provided unrealistic numbers. For example, the F-14A
Automatic Flight Control System computers/amplifiers quantitatively indicated
527 remove and replace actions in the eighteen months of the ASMRA Equipment
Condition Programs data and only one action overall in the ASMRA Equipment
Cross-Index Program data. The later base should have reflected the majority of
the remove and replace acticns since it is unreasonable to assume maintenance
would drop from over 500 actions in six months to one in the next eighteen.
These occasional abnormalities, such as the one just described, were never
resolved and the anplysts chose to invalidate the data for these components when
this situation existed. This is not to say that the data was erroneous but
rather the validity could not be established.
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TABLE 6.01 MAXNTENANCE OATA - COCKPIJT CANOPY

WORK UNIT COOES

A-4 11361 A-6 11122 A-? 12110 AV-$ 12110 F-4 11114

F-8 MIA F-14 11111 P-3 MIA S-3 N/A

ORGANIZATIONAL LEVEL

FLIGHT MA/PH 0+1
A/C HOURS MFHBMA XIO-3 MTTR MNH/MA MEN/MA MM$/FH R+R MTIP

* SA-4M 35,571 506.2 2.0 1.63 4.69 2.9 .009 12.75 1,076

A-bE 87,564 ?77.3 12.9 1.75 3.62 2.1 o047 2.82 130

A-1E 1,590611 79.9 12.5 3.04 6.38 2.1 .060 16,33 146

AV-8* 19,396 104.3 9.6 Z.27 4.43 1.9 .042 6.33 175

F-4J 115P070 99.9 10.0 3.05 5.95 1.9 .060 15.06 139

F-6J 18,317

F-14A 51,286 67.8 14..? 1.92 3.66 1.9 .054 6.37 105

P-3C 125,860

S-3A 60,552

INTERMEOIATE LEVEL

A-4" 350571 8,892.8 0.1 5.93 11.28 1..9 .001

A-6E s87,56'4 3,980.2 0.3 2.90 4.58 1.6 .001

A-?E 159,611 4,313.8 0.2 4o54 7.11 1.6 .002

*AV-8A 19,396 W4~24*5 0.4 1.64 2.76 1.7 .001

F-4J 115,070 2,130.9 0.5 1.07 1.09 lee 6001

*F-8J 16,317

*F-14A 51P266 2,331.2 0.4 31.90 75.07 2.4 .032

P-3C 125,-860

S-3A 60,552
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TABLE 6.01 MAINTENANCE DATA - RADOME

WORK UNIT COOES

A-4 11112 A-6 11111 A-7 11120 AV-$ 11110 F-4 11112

F-5 11121 F-14 11121 P-I 11123 S-3 11124

ORGANIZATIONAL LEVEL

FLIGHT MAIFH 0#1
I/C HOUAS MFHSMA X1O-3 NTTR MMH/MA MENIMA MMHIFH R0R MT&F

A-4M 35D571 958.1 1.0 2.48 3.05 1.2 .003 1.70 1,112

A-6E 87,564 177.6 5.6 2.91 5o41 1.9 .030 5.72 221

A-rE 159,611 406.1 2.5 Z.63 4.97 1.9 .012 5.75 494

AV-8A 19,396 114.1 8.8 2.36 4.60 1.9 .040 6.01 340

F-4J 115,070 190.2 5.3 1.96 3.74 1.9 .020 3.97 294

""-ej 18,317 469.? 2.1 2.25 3.23 1.4 .007 2.33 033

F-14A 51,286 31805 3.1 1.99 4.86 2.4 .015 4nO2 641

P-3C 125O,60 306.2 3.3 2.28 5.20 2.3 .017 2.59 496

S-3A tO552 453.3 2.2 1.91 3.54 1.9 .008 3.11 637

INTERMEODATE LEVEL

A-4M 35,571 17,785*.5 0.1 12.85 12.85 1.0 .001

A-6E 87,564 12,509.1 0.1 1,36 3,14 2.3 .000

A-7E 159,611 8,O400.6 0.1 4.97 6.04 1.6 .001

AV-BA 19,396 3,232.? 0.3 5.58 10.*5 1.9 .003

F-4J 115P070 4,261.9 0.? 11.63 13.74 1.2 .003

F-8j 18,317 3P663.4 0.3 7.88 8.00 I.O .002

F-14A 51,S86 2,442.2 0.4 5.95 8.67 1.6 .004

P-3C 1Z5#860 1,534.9 0.7 18.61 31.52 1.7 .OZ1

S-3A 60,552 Ze883.4 0.3 18.26 z3.77 1.3 .006

6-10



$4c

411, - - - - -*I

- *

* a:

-I

hi ha
Cý"-

---- .c L

~W/N3W4014
c

Ir0-

6-11



:4)

~4)0 C40uc a (a. L- n).- 0 0
c (a I w 5f T

.4 L C.04.)

00 N

0 .~ ~ 4 ~ . -4-

- NO ) - 4 -4 ) f . .

(- =~ 4 L

00 m

011

S0( a.0 jL

~1Q L.4 C 0)a

I r. 4 ) CJ H

mf M,- m a m~ 0 CC a-

o0 W -4

, ci --

"" 4) e

0a 0L.m 0V) a)4) 0) a0 ccx-4 D -4 Z r 4) a.) r_

V y 0 -

a 0.C a3t 1

o o cu + ~ S ~

Cý >~.

(a * m 1 34
40 CD cd 0

c) V)1 M~ 4X) r

. M0 Co Cn V06

10 0

0v 0j 51 ).-. 4)4 4)..) c>
(L' 0 Q)L) -41 6

6-12

4I

a)'nt'



TABLE 6,03 MAINTENANCE DATA - EJECTION SEATS/PILOTS-COPILOTS SEAT

WORK UNIT CODES

A-4 12110 A-6 12110 A-? 1220O AV-6 12Z10 F-4 12230

F-8 12260 F-14 12111 P-3 12113 S-3 12111

ORGANIZATIONAL LEVEL

"FLIGHT MA/FH 0.1

AIC HOURS MFHGMA X10-3 MTTR NH/MIA MEN/MA NHH/FH R*R NTIF

A-4M 3SP571 248.7 4.0 1.00 3.24 1.6 .013 4,50 647

A-6E 87P564 833.9 1.2 Z.41 4.51 1.9 .005 2,61 1P946

"-7E 159,611 221.4 4.5 2.80 4.96 1.6 .Ozz 3o96 823

AV-aA 19,396 33.6 29.6 1.71 3.13 l.e .093 2.23 131

F-4J 115,070 7.1 140.5 1.66 2.84 1.7 .399 2.39 52

F-8J 18,317 54.8 18.2 2.42 4.17 1.7 .076 2.04 138

F-14A 51,286 00.4 12.4 1.98 3o32 1.7 .041 0.50 111

P-3C 125,960 234.8 4.3 0.99 1.40 1.4 .006 1489 437

S-3A 60,502 191.0 5.2 2.96 7.34 2.5 .038 5.34 546

INTERMEDIATE LEVEL

A-4M 35,571 5P928.5 0.2 2.92 5.08 1.7 .001

A-6E 87,564 17,512.8 0.1 1.30 1.70 1.3 .000

A-7E 159P611 3,711.9 0.3 0.75 1.05 1.4 .000

AV-@A 19,396 666.8 1.9 0.63 0.96 1.6 .U01

SF-4J 115.070 348.7 2.9 1.90 2.68 1.4 .008

i-FJ 18,317 1,308.4 0.8 0.51 0.51 1.0 .000

F P-14A 51,286 1Z,821.5 0.1 o.ea 0.86 1.0 .000

P-3C 125,860 2,677.9 0.4 7.28 9.00 1.2 .003

5-3A 60,552 3P027.6 0.3 0.55 0.60 1.1 .000
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TASLE 6.04 MAINTENANCE OATA - MAIN ENTRANCE 000a

9ORK UNIT C30ES
* ' A-4 NIA A-6 NIA A-? NIA AV-& NIA F-4 N/A

F-0 N/A F-,14 N/A P-3 112Z2 S-3 1113A

ORG %MZATIONAL LEVEL

FLIGHT MA/.FHAMC HOUNS M H8AA X10-3 MTTR MINH/MA MEN/MA MMH/FH R.R MTOF

A-4M 350,71

* A-6F 87Yk564

SA-?E 159,611

AV-SA 19,396

F--4j 115,070

F-8J 18,317

F-14A 51,286

P-3C 1235860 316.2 3.2 1.48 2.47 1.7 .008 2.5? 413

S-3A 60,592 X80.2 5.5 2.07 3.41 1.6 .019 3.58 255

INTERMEDIATE LEVEL

A-4M 3.10971

A-6E 87,564

A-7E 159,611

AV-8A 19,396

F-4J 115,070

F-8J 1a317

F-14A 51,286

P-3C 125,360 20•976.7 0.0 15.75 19.25 1.2 .001

S-3A 60,552 15P138.0 0.0, 17.680 23.56 1.3 .002
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TABLE 6.09 MAINTENANCE DATA - CANOPY ACTUATOR

WORK UNIT CODES

A-4 11369 A-6 N/A A-? 12126 AV-6 12123 F-4 12315

F-8 12141 F-14 12521 P-3 N/A S-3 N/A

ORGANIZATIONAL LEVEL
FLIGHT MA/FH 0+1

A/C HOURS MFHBMA X10-3 MTTR MMH/MA MEN/MA MMHIFH ft.R MTBF

A-40 39,971 939.0 1.9 1.006 1.8 1.9 .003 1.63 1,046

A-6E 87,564

A-TE 159,611 166.3 6.0 0.98 1.40 1.4 .006 3.05 196

AV-SA 19,396 179.6 5.6 3.13 4.41 1.4 .025 4.02 273

PF-4J 115,070 485.5 2.1 3.40 6.18 1.8 4013 9.25 665

F-8J 18,317 1,077.5 0.9 1.76 2.68 1.9 .002 2.50 1,221

F-14A 51,286 431.0 2.3 4.e7 10.66 2.5 .025 6.46 618

P-3C 125,860

S-3A 600592

INTERMEDIATE LEVEL

A-4M 35,571 5,081.6 0.z 1.61 2.19 1.4 .000

A-6E 87.564

A-TE 199,611 1#564.8 0.6 4.91 6.02 1.2 *004

AV-SA 19,396 19,396.0 0.1 0.50 0.50 1.0 .000

F-4J 115.070 1,643.9 C.6 5.25 6.97 1.3 .004

F-8J 18,317 2,289.6 0.4 0.31 0.56 1.8 .000

;-14A 51,286 732.7 1.4 6.18 9.99 1.6 .014

P-3C 125,860

S-3A 60,992

62
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TABLE 6s06 MAIMTEHANCE OATA - SEAT ACTUATOR

WORK UNIT CODES

A-4 12111 A-6 12142 A-? 12261 AV-$ IZZIC F-4 12236

P-8 NIA F-14 1211H P-3 M/A S-3 NIA

ORGANIZATIONAL LEVEL

FLIGHT MAhFH 0+1

A/C HOUPS PFHONA XIO-3 NTTR NNN4/NA MENINA PMHN/FH U.R MTBF

A-44 3955?1 3,952.3 0.3 3.78 5.44 1.4 .001 4.36 ?0114

k-6E 67,564 2.135.7 0.5 3.47 4.7? 1.4 .002 4e.4 3vi2?

A-7E 159,611 2,574*4 0.4 2.52 4.62 1.8 .002 4.17 4,637

AV-6A 19,396 19,396.0 0.1 0.30 0.30 1.0 .000 19#396

F-4J 115,070 326.9 3.1 1.60 2.84 1.6 .009 3.46 778

F-lJ 16,317

F-14A 51,286 1v046.7 1.0 2.38 4.97 2e1 .009 6.*0 1,973

P-3C 125,860

S-3A 60,552

INTERMEOZATE LEVEL

A-4M 35P571 7,114•. 0.1 3.50 6.10 1.7 .001

A-6E 87,564 6,254.6 0.2 2.36 2.64 1.1 .000

A-TE 159pei 5,320.4 0.2 2.34 2.44 1.0 .000

AV-8A 19,396

F-4J 115,070 1,027.4 1.0 2.04 2.67 1.3 .003

F-8J 18,317

F-14A 51,286 4,662.4 0.2 1.61 2.06 1.3 .0000

P-3C 125,860

S-3A 60,552
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SrTABLE 6.07 MAINTENANCE DATA - IOS BAY DOOR ACTUATOR

WORK UNIT COOES

A-4 NIA A-6 N/A A-? NIA AV-I N/A F-4 N/A

P-8 NIA F-14 "/A P-3 1152A 3-3 11211

ORGANIZATIONAL LEVEL
FLIGHT MA/FH O0+

. A/C HOURS MFPHSA X1O-3 MTTR MPHIMA MEN/MA MNHIFH R+4 MTSF

A-4M 35,571

A-6e 67#564

&-VE 159,611

AV-OA 19,P396

F-4J 115,070

* F-oJ 16#317

i-14A 51,286

P-3C 125S,60 ja2.7 1.7 1.91 4.03 2.1 .007 2.64 1,007

S-3A 60,552 1'100.9 0.9 2.73 5.62 2.1 .005 4.05 2,633

INTERMEDIATE LEVEL

A-4M 35,571

I A-6E 67,564

A-TE 159,611

AV-eA 19,396

F-4• 115,070

i•8J 18031?

F-14A 51,286

P-3C 125.860 1,324.8 0. 4,.00 5.77 1.4 .004

S-3A 60,55Z 3,764.5 0.3 1.44 1.6l 1.3 .000
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TAGLE 6.06 MAINTENANCE DATA - MLG WHEEL AND TIRE

WORK UNIT CODES

A-4 13143 A-6 13511 A-7 13131 AV-$ 13511 P-4 13291

F-8 13411 F-14 13511 P-3 1343A S-3 13531

ORGANIZATIONAL LEVEL

FLIGHT M.A/FH !+1
A/C HOURS MFH8MA X10-3 MTTR MMH/MA MEN/MA MMNH/FH R+R MTSf

A-4M 31#571 16.B 59.4 0091 1.74 109 .104 0.M4 326

A-6E 67#564 55.1 18.1 1.13 Z.1'j 1.9 .039 1.10 18?

A-7E 1590611 28.9 34.o 1.06 1.69 1.8 9065 0.99 189

AV-SA 19#396 28.1 35.6 0.94 1.74 1.9 .062 0.89 209

F-4J 115#070 18.6 53.7 0.86 1.36 1.6 .073 0.63 73

SF-sJ 11,317 12.4 80.5 0,84 1.44 1.7 .116 0.90 51

F-14A 51,286 27T. 36.4 0.98 1.84 1.9 .067 1.00 78

P-3C 1ZSP860 39.0 25.6 1.l21 2.79 2.3 .072 1.Z7 554

S-3A 60,552 19.5 51.4 0.87 1.48 1.7 .076 0.78 2Z2

INTERMEDIATE LEVEL

A.4M 35P571 15.9 63.0 1.91 3.54 1.9 .223

A-hE 87,564 93.3 18.8 2.18 3.69 1.? .065

A-7E 159,611 31.1 32.1 1.69 2.78 1.6 .089

AV-8A 190396 25.8 38.7 2.01 3.80 1.9 .147

F-4J 115,070 17.0 58.8 2.20 3.9'1 1.8 .234

F-64 18,317 12-4 al.1 1.34 2.66 2.e .216

F-1•A 51,286 26.1 38.3 2.38 4.26 1.8 .163

P-3C 125,860 44.3 22.6 2.04 3.83 1.5 .087

"S-3A 60.552 25.9 38.6 2.96 3.96 1.3 .153
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TABLE 6.09 MAINTENANCE DATA - NLG WHEEL AND TIRE

WORK UNIT CODE3
A-4 13233 A-6 13512 A-? 13161 AV-$ 13921 F-4 13331

F-S 13412 F-14 13521 P-3 13238 S-3 13231

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0.!A/C HOURS MFHBSA XIO-3 MTTR MMHI/A MEN/MA NNHIFH R+R MTBF
A-4N 35j,571 49.3 20.3 0.95 1.?z 1.8 .035 0.96 671
A-6E 87,564 53.4 18.7 0099 1.86 1.9 .035 0.93 192
A-TE 159,611 84.5 11.8 0099 1.68 1*7 .020 0.89 500
AV-$A 19P396 52.9 18.9 0.96 1.84 109 .035 0.88 396
F-4J 115,070 18.5 54.0 0.73 1.07 1.4 0058 0.73 112
F-8J 18#317 76.3 12.0 0.86 1.42 1.6 .018 0.91 382
F-14A 51,286 40.9 24.5 0.80 1.39 1.7 .C34 0.71 128
P-3C 125,860 86.5 11.6 1.14 2.41 2.1 .028 1.13 707
S-3A 60,552 47.8 20.9 0.87 1.48 1.? o031 0.84 531

INTERMEOZATE LEVEL

A-4M 35#571 46.8 21.4 1.65 3.29 2.0 .070
A-6E 87P564 53.1 18.8 1.92 3.30 1.7 .062

A-?E 159,611 91.8 10.9 l.23 1.87 1.5 .020

AV-OA 19,396 49.5 20.2 1.85 3.64 2.0 .074

F-4.J 115,070 17.4 57.4 1.82 3.20 1.8 .184
F-8j 18,317 60.0 12.5 0.85 1.6z 1.9 .020
F-144 51,286 40.7 14.6 2.17 3.41 1.6 .084

P-3C 125#86G 94.3 10.6 1.85 2.90 1.6 0031
S-3A 60055. 62.9 15.9 2.52 3.20 1.3 .051

633
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TABLE 6.10 MAINTENANCE DATA - MLG WHEEL BRAKE

WORK UNIT CODES

A-4 13716 A-6 13611 A-? 13511 AV-0 13716 F-4 13440

F-8 13511 F-14 13811 P-3 13520 5-3 13611

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0+1

A/C HOURS 4FHBMA X1O-3 MTTR MAN/MA MENIRA "MHNFH RON MTBF

A-4M 35,571 51.3 19.3 1.32 2.61 2.0 .051 2,04 62

A-6E 87,564 153.6 6.S 2.06 4.55 2Z2 .030 2.33 Z12

A-7E 159r611 12.6 6*6 1.71 3.38 2.0 .o022 1.96 240

AV-SA 19,396 197.9 5.1 2.94 5.57 1.9 .OZ 3.42 29S

f-4J 115,070 106.4 9.4 3.06 6.24 2.0 .059 2.95 143

F-3J 18,317 32.3 31.0 1.13 7.02 1. .062 1.20 40

F-14A 51,296 37.6 26.6 1.41 3.11 2.2 .083 1.69 92

P-3C 125P860 176.8 5.7 2.07 5.90 2.6 .030 2.90 128

S-3A 60,592 56.0 17.9 1.54 3.03 2.0 .054 1.90 173

INTERMEDIATE LEVEL

A-4M 350571 223.7 4.5 4.19 6.25 1.5 .020

A-6E 87,56& 200.4 5.0 5.65 7.14 1.3 .036

A-7? 159,611 236.6 4.2 5.08 6.25 1.2 .026

AV-SA 193,96 200.0 5.0 3.64 6.89 1.9 .034

F-4J 115,070 139.8 '.2 6.89 P.46 1.2 .060

F-8J 18F317 41.3 24.Z 4.58 4.96 1.1 .121

F-14A 51&36 97.7 10.2 0.91 1.09 1.2 .011

P-3C 125f860 131.0 7.6 3.66 5.16 1.4 .039

S-3A 60#552 163.7 6.1 4.51 6.63 1.5 .041

6-36
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TABLE 6.11 MAINTENANCE OATA - MLG SHOCK STRUT

WORK UNIT COODS

A-4 13121 A-6 13111 A-? 131Z1 AV-0 13111 F-4 13211
F-0 13121 P-14 13111 P-3 13411 S-$ 13911

ORGANIZATIONAL LEVEL

FLIGHT MAIFH 0+1AIC HOURS MFHBMA X10-3 MTTR MMH/MA MENIMA MPN/FH *1. MT9F
A-4M 35#571 259.6 3.9 2.24 3.25 2.3 .000 6.32 349

A-bE 87P564 243.9 4.1 2,49 5.*1 2.2 *023 20,07 307

A-?E 1590611 211.1 4.7 2.68 6.42 2.4 .030 4.59 321

AV-8A 19#396 554.2 1.8 4.73 12.06 2.5 .022 25.zo 647

F-4J 115,070 140.0 7.1 6.60 18.27 2.8 .130 19.28 182

F-BJ 18P317 122.1 8.2 2.39 5o71 Z24 .047 3.36 197

F-14A 51.266 339.6 2.9 2.90 7.85 2.7 o023 17.63 564
P-3C 125.860 210.8 4.7 1.82 4.10 2.3 .019 10.33 310

S-3A 60,552 582.2 1.7 2.17 5.31 2.4 .009 7.41 797

INTERMEDIATE LEVEL
A-4M 35,571 1,872.2 0.5 6.13 7.41 1.2 .004

A-6E 87,564 12,509.1 0.1 1.89 2.10 1.1 .000

A-71 159,611 1,116.Z 0.9 2.97 3.84 1.3 .003

AV-8A 19,396 4,849.0 0.2 0.38 0.88 2.3 .000

P-4J 115,070 963.5 1.0 1.78 3.06 1.7 .003

F-eJ 18#317 523.3 1.9 8.21 12.59 1.5 .024

F-14A 51,286

P-3C 125P860 20,976.7 0.0 6.00 20.75 3.5 .001

S-3A to,55z 10,092.0 0.1 5.73 8.78 1.5 .001

6,39
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TABLE 6.12 MAINTENANCE DATA - NLG SHOCK STRUT

WORK UNIT CODES

A-4 13221 A-6 13211 A-? 13151 AV-6 )3216 P-4 13313

F-0 13221 F-14 13311 P-3 13211 S-3 13M11

ORGANIZATIONAL LEVEL

FLIGHT MAIFH 0.1

A/C HOURS MFHSMA X10-3 MTTR MMMINA MEN/MA NMHIFH R.R MTUF

A-4M 35,971 263.5 3.6 1.49 2.97 2.0 .011 6.17 345

A-6E 670564 290.9 3.3 4.14 11.18 2.7 .037 14.76 413

A-?E 159,611 297.4 3.9 5.73 15007 ?.6 .059 9.79 568

AV-SA 19,396 Z00.0 500 1.82 4.12 203 .021 5.35 246

:-4J 115,070 500.3 2.0 4.66 12.57 2.7 .025 16.73 661

F-8J 180317 91.6 10.9 2.62 6.15 2.3 .067 8.67 130

F-14A 51,286 249.0 4.0 2.70 8.02 2.9 .032 10*6Z 398

P-3C 125#860 451.1 2.2 2.15 5.02 2.3 .011 19.33 572

S-3A 60,552 931o6 1.1 3.60 11.60 3a2 .012 19.50 1,442

iNTEREODIA•TE LEVEL

A-4M 35,571 8,89z.e 0.1 10.2e 16.75 1. .002

A-6E 87I,564 4,864.7 0.z 4.23 6009 1.4 .001

A-7E 159,611 76001 1.3 0.23 0.37 1.6 0000

AV-OA 19,396 1,140.9 0.9 1.52 2.20 1.4 .002

F-4J 115,070 30,97.9 0.3 3.10 5.20 1.6 .001

F-SJ 18,317 763.2 1.3 3.42 5.001 1.5 .007

F-14A 91,286 7,326.6 0.1 3.50 3.79 1.1 0001

P-3C 125,860 41P953.3 0.0 1.00 1.67 1.7 0000

S-3A 60,552 30,276.0 0.0 1.25 2..50 2.0 .000

6-4
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TABLE 6.13 MAINTENANCE DATA -NOSE WHEEL STEERING UNIT

WORK UNIT CODES

A-4 N/A A-6 13724 A-? 13612 AV-8 N/A F-4 13342

F-8 13311 F-14 13921 P-3 13322 S-3 13311

ORGANIZATIONAL LEVEL

FLIGHT MA/FM 0+1
A/C HOURS NFHBMA XIO-3 MTTR "MMI/MA MEN/NA MMH/FH P+R MT$F

*A-4M 35,571

A-66 87,084 909.1 2.0 2.92 8.41 2.2 .013 4.16 4,510

A-7E 159,611 273.3 3.7 3.07 8.11 2.0 .022 5.39 891

AV-SA 1J,396

F-4j 1150070 480.3 2.2 3.79 7.33 1.9 .016 4.6? 652

F-SJ 18,317 854.2 1.5 10.59 26.46 2.5 .040 16906 672

P-14,A 51P266 171.5 5.8 3.73 10.16 2.7 .009 8.47 513

P-r C 129,860 2#588.8 0.4 2.14 4.36 2.0 .002 4.09 4,195

S-3A 80,552 106.8 9.4 3.81 7.35 2.0 .069 6.11 237

INTERMEDIATE LEVEL

A-4M 39P971

A-6E 87,564 2,575.4 0.4 1.57 1.60 1.0 .001

A-7E 159#611. 81805 1.2 4.25 5.47 1.3 900?

AV-8A 190396

*F-4j 115,070 1,055.7 0.9 2.97 3.40 1.1 .003

F-8J 18,317 1#07T.5 0.9 2.89 2.89 1.0 .003

F-14A 51,288 827.2 1.2 0.56 0.81 1.1 .001

P-SC 125,880 9#881.5 0.1 2.73 4.Z3 1.5 .0000

-S-lA 80,992 1o,044.0 1.0 0.97 1016 102 .001

6-48
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TABLE 6,14 MAINTENANCE DATA - ARRESTING HOOK ASSEMBLY

WORK UNIT CODES

A-4 1362J A-6 13811 A-7 13010 AV-$ N/A F-4 13520

F-3 13511 F-14 13ALS P-3 N/A S-3 13710

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0+1
A/C HOURS 1FHSMA X1O-I MTTR MNH/MA MEN/MA MPH/FH R+R MTUF

A-4M 15,571 635.? 1.6 1.82 3.12 1.7 .005 1.34 1#112

A-bE 870564 149.4 6.7 1.62 3.17 2.0 .021 1.91 456

A-?f 159,611 73.8 13,6 1.21 2.23 l.e .030 1.96 206

AV-$A 19.396

F-4J 1150070 04.9 11.6 3.01 6.30 Z2. .074 6.04 185

F-8J 18,317 796.4 1.3 6.57 18.51 2.2 .023 10.07 1#832

F-14A 51,286 335.2 3.0 2.38 6.02 215 .018 ?.74 1,115

P-3C 115,800

S-3A 60,552 76.6 13.1 1.01 1.95 1.9 o025 1,24 300

INTERMEDIATE LEVEL

A-4M 35,P71 3,952.3 003 1.42 1.42 1.0 0000

A-bE 87,564 411,1 2.4 o.39 0.50 1.3 .001

* A-7E 159.611 387.4 2.6 0.19 0.2o 1.5 .001

yV-IA 190396

F-4J 115,070 313.5 392 0.49 O.5 1.4 .002

* F-6J 16,317 915.9 1.1 0.41 0.48 1.2 .001

F-14A 51,286 596.3 1.7 0.47 0.51 1.1 .001

P-3C 125,860

S-3A 6C#552 582.2 1.7 0.34 0.30 1.1 .001
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TABLE 6.19 MAINTENANCE DATA - SRAKE CONTROL VALVE

WORK UNIT CODES

A-4 N/A A-6 N/A A-? 1352A AV-8 13726 F-4 13411

F-0 N/A F-14 13821 P-3 N/A S-3 13622

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0+1
A/C HOURS MFHBMA X1O-3 MTTR MPHIMA MEN/MA MMH•/FH RR MTUF

A-4M 35,571

A-6E 87,564

A-?E IT90611 3,011.5 0.3 .3011 5.29 10? .002 6.49 6,139

AV-@A 19,396 1,293l. 0.8 6.23 11.53 1.9 .009 8.20 2,425

F-4J 115,070 408.0 2.5 4.37 8.43 1.9 .021 9.97 619

F-8J 18,317

F-14A S5P266 196.e 5.0 3.83 10.00 2.6 .051 5.60 462

P-3C IZ5860

S-3A 60#592 3*364.0 0.3 302 7.14 Z.4 .002 4.33 6,?78

INTERMEDIATE LEVEL

A-4N 35,571

A-6E SP564

SA-7E 159P611 19P951.4 0.1 0.00 0.00

AV-$A 19,396 4P,49.O 0.2 4.10 8o20 2.0 .002

F-*J 115,070 l1322.6 0.8 2.59 3.08 1.2 .0OZ

F-SJ 18#317

F-lkA 51,286 539.9 1.9 7.28 10.77 1.5 .020

P-3C 125P,60

. S-3A 60,552 ?P569.0 0.1 2.13 2.13 1.0 o000
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TASLE 6.16 MAINTENANCE DATA - EMERGENCY AIR GOTTLEIACCUMULATOR

WORK UNIT CODES

A-4 "/A A-6 13451 A-? 13311 AV-$ 13415 P-4 13153

F-0 N/A F-14 13712 P-3 13936 3-3 13632

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0.[A/C HOURS MFHISA X10-3 MTTR MMHIMA MEN/MA MMH/FH R4R MTBF

A-4M 35o571

A-6E 67P564 254,5 3.9 4.50 9.34 2.1 .037 9.82 419

A-7E 1599611 516.5 1.9 Z.87 6.77 Z.4 .013 4.Z9 1.017

AV-$A 199396 3P,792. 0.3 1.24 1.80 1.5 °000 9P696

F-4J 11,070 4,794.6 0.2 3.35 5.71 1.7 .001 4.83 S*056

F-0J 18 3 1 7

F-14A 51,286 1.2822. 0.8 1.70 Z.o0 1.6 .002 2#137

P-3C 129,860 418.1 2.4 1.4? 2.63 1.8 .006 5.15 494

S-3A 60.552 961.1 1.0 1.09 2.06 1.9 .002 3.50 1#553

I1NTERMEDIATE LEVEL

A-4M 35,571

A-6E 879564 1,751.3 0.6 5.17 7.07 1.4 .004

A-TE 159,611 1,534.7 0.7 6.36 8.12 1.3 .005

AV-$A 19,396

P-4J 115P070 3ev396o7 0.0 0.67 0.67 1.0 .000

"F-8J 16,317

F-14A 51,286 51,286.0 0.0 0.00 0.00

P-3C 125,860 11,441.8 0.1 4.77 7.50 1.6 .001

S-3A 60,955 20,104.0 0.0 4.33 5.67 1.3 .000

6-•5
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TABLE 6.17 MAINTENANCE DATA - ELEVATOR/IUHT ACTUATOR

WORK UNIT CODES

A-4 14321 A-6 14521 A-? 14531 AV-$ 14331 F-4 14326

F-B 14420 F-I4 1'4431 P-3 14632 S-3 N/A

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0.1
AiC HOURS MFH8MA X10-3 MTTR MNH/MA MEN/MA MMHIFH R÷R NTSF

A-4M 35,571 936.1 1.1 2.61 5.41 1.9 .006 6.23 2,371

A-6E 87,564 357.4 Z.8 7.91 21.28 2.7 .060 14.70 668

A-7E 159,611 609o2 1.6 .61 20.508 2.3 .034 13.Z3 1,353

AV-$A 19,396 473,1 2,1 4.93 10.64 2.Z .022 7.18 862

F-4J 115,070 399.5 2.5 9.95 24.23 2.4 .061 13.Z9 715

F-SJ 18,317 964,1 1.0 2.95 5.37 1. .006 1,526

F-4AA 51,286 189.2 5.3 5.46 14.78 2.7 .076 106.2 625

P-3C 125,860 642.1 1.6 4.02 o.43 2.1 .013 7.63 1,134

't-3A 60,552

INTEPMEOIATE LEVEL

A-40 35,571 7,114.2 0.1 0.56 0.68 1.2 .000

A-eE 87,564 1,006.5 1. 3.6T 6.16 1.7 .006

A-71 159,611 1,100.8 0.9 0.71 1.06 1.5 .001

AV-8A 19,396 843.3 1.2 1.76 3.25 1.9 .004

F-4J 115,070 757.0 1,3 4.03 7.99 2.0 .011

S;-8J 18,317

F-14A 51P286 840.8 1.2 1.44 2.15 1.5 .003

P-3C 125,860 Z,030.0 0.5 6.41 11.16 1.7 .005

S-3A 60,552
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TAILE 6.18 MAINTENANCE OATA - AILERON ACTUATOR

"WORK UNIT COMSS

A-4 142Z1 A-6 14321 A-? 14233 AV-6 14131 F-4 14222

F-8 14231 F-14 N/A P-3 N/A S-3 "/A

ORGANIZATIONAL LEVEL

FLIGHT NA/FH 0+1
A/C HOUR$ MFHSMA X10-3 MTTR MMHINA MEN/MA MNHFNH X#R MTIF

A-4M 359571 624.1 1.6 7.08 13.94 2.3 OZ6 24.6O 1#186

b A-6E 87#564 286o2 3.5 6.86 14,8e 2.2 .092 12.47 544

A-?E 1599611 302.3 3.3 4.51 9.86 2.2 o033 089 60*

AV-SA 19,396 192.0 5.2 6.6? 11.00 1.6 .057 10.51 'I1

F-4' 115,070 280.1 3.5 7.86 16.73 2.1 -056 13.73 443

F-GJ 18,317 631.6 1.6 5.69 13.16 2.3 .01 7?.0 1,665

F-14A 51P286

P-3C 125P860

S-3A 60#552

INTERNEDIATi LEVEL

-- 4M 359571 2,96843 0.3 0.23 02?7 1.2 .000

A-6E 87T564 706Z 1.4 5.51 8.050 1.5 .012

A-YE 159#611 1,124.0 0.9 5.24 6.75 1,3 .006

AV-$A 19,396 404.1 205 1.06 1,80 1.7 .004

F-4J 115,070 1,9117.2 0.9 0,07 5.36 L.2 .000

F-SJ 18,317 1,409o0 0.7 8.96 9.42 1.1 .007

* P-141. 51.286

P-3C 125,860

S-3A 60.552
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TABLE 6.19 NAINTENANCE DATA - AILERON ThIM ACTUiroA

WORK uNir coc•s

A-4 1421L i-6 M1i A-? 14241 AV-0 14142 r-4 14261

P-0 NMiA 0-4 14Z34 P-3 MIA 3-3 14221

CRGAN1ZATIOPAL LEVEL

FLIGHT MA/PF O*I

A/C HOURS NF96MA X10-3 MTTR MPHIMA MINIMA NMHIFH R.R MTYF

A-4H 39,571 2#964,3 0C3 6.20 8.52 1.4 .003 3.43 5,929

A-6E 075964

A-?E 159#6.11 1923.0 0.9 4.52 9.70 2.l .009 6.46 3#130

AV-SA 190396 2,155.1 0.5 4.92 IZ.11 2.9 .006 7.00 3,Z33

F-4J 115,070 2#171.1 0.5 7.32 15.67 2.1 .007 10.Z1 3,364

F-SJ 18#317

F-14A 51,286 732.7 1,4 4.47 11.91 2.7 .016 7.7Z? 1390

P-3C 1259860

S-3A 60,592 313.7 3.2 B.04 16.69 2.1 .095 15.23 904

INTERMEOIATE LEVEL

A-4M 35,571 17,78595 0.1 (1479 1.25 1.7 .000

A-6E 87P564

A-Y-E 159,011 5,03.8 04 0.99 0.79 1.4 .000

AV-SA 19,396 6r465.3 0.2 0.67 0.67 1.0 .000

F-4J 115,070 6,392.0 0.2 2.64 2.81 1.1 .000

F-e. 18,317

F-14A 519,26 1,282.2 0.8 6.04 9.83 1.06 .008

P-3C 125,860

S-3A 60,552 1,062.3 0.9 2.91 3.37 1.2 .003
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TALE 60.10 MAINTENANCE OATA - SPOILER ACTUATOR

WORK UNPI CODES

-1A22 A-6 MIA A-? 14238 AVi- N/A P-4 14252

F-6 1.23z F-14 14232 P-I NIA $..I N/A

ORGANIZATIONAL LEVEL

FLIGHT MAIPH 001
A/C HOURS RPFHIMA X10-3 MYTT HMN/MA NUN/MA NfIH/fH R+R MITIF

A-4m 325571 86892.8 0.1 2.13 4s25 20 .000 3.50 35,571

A-6E 67,564

A-?E 1590611 80667 1.1 4.76 9.80 2.1 .011 8.39 1,663

AV-SA 19,396

F-4J 115,070 401.0 Z2s 0.0? 13.09 2.2 .012 8.17 022

F-SJ 168317 495.1 zo. 7.86 16.18 2.1 .033 13.60 632

F-14A 91,286 203.5 4.9 7.20 17.59 2.4 .016 10.92 466

P-3C 1258,60

S-3A 60,552

INTERMEDIATE LEVEL

A-4N 35,571 35,571.0 0.0 1.00 1.00 1.0 .000

A-8E 67P564

A-7E 159,611 2,•18.3 0.4 4.40 S.l 1.2 .OOZ

AV-$A 19,396

F-4J 115,070 1,079.4 0.9 4687 5.52 1.1 .005

F-SJ 16,317 1,409.0 0.7 z.81 2.81 1.0 .002

F-14A 51,286 483.8 2.1 9.25 15.27 1.7 .032

P-3C IZS,860

SS-)J 60#996
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TABLE 0.21 MAINTENANCE DATA - RUDDER ACTUATOR

WORK UNIT CODES

A-4 14721 A-6 14421 A-? 14431 AV-$ MIA F-4 14425

F-I N/A F-14 140342 P-3 1463O S-I MIA

ORGANIZATIONAL LFVIL

FLIGHT NA/PM 0+1
A/C HOURS NPMSNA X10-3 NTTR mMN/NA SNUN/A NNN/PH ARm NTSF

A-4M 35,571 4,44.69 0.8 4.55 9.49 2.L 0002 6#35 8*893

A-BE 67.564 4B3o3 2.2 7.63 1?.BO 2.3 .038 13.55 712

A-?! 159,611 1,660.1 0.6 5.63 12.71 2.2 .000 7.4? 2#902

AV-$A 19,396

F-4J 115,070 350.8 909 7.30 15.52 2.1 .044 1.25 525

F-SJ 18#31?

F-14A 1lDZSB 1,005.6 1.0 3.69 9.67 2.9 0010 7.14 3,205

P-3C 125,860 762.8 1.3 3m39 7.14 Z.L 0009 6.86 1b;824

S-3A 60,552

INTERMfDIATE LEVEL

A.4N 35,571 7o,114.2 0.1 0.0? 1.12 1o5 .(000

A-tE 87,564 10067.9 0.9 4.07 5.66 1*(, .0005

A-?! 159,611 4050.3 0.2 S.25 5979 1.1 .001.

AV-$A 19,396

V4j 115,070 509.2 2.0 4.45 5.06 1.1 .010

F-J 160317

F-14A 51,286 2#442.2 0.4 5.90 6.85 1.2 .003

P-3C 125,860 3,*496.1 0.3 5092 10.13 1.7 a003

S-3A 60,552
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TAILE 6.22 MAINTENANCE DATA - TE FLAP ACTUATOR

WORK UNIT CODES

A-4 NIA A-6 lIA A-? 14717 AV-$ 14232 F-4 14959

N/A F-14 14620 P-3 NIA S-3 NIA

ORQGANIZATIONAL LEVEL

FLiGHT MA/FH 0+1

AIC HnURS MFHSMA XIO'3 ATTA PHN1/MA MEN/NA NMH/FP R+R PTUF

A-4K 35,171

A-61 87,564

A-TE 159,611 1,911.5 0.2 4.92 10.71 2.2 .002 12.86 lIP401

AV-SA 19,396 9,6960. 0.1 5.61 5.90 1.0 .001 9.30 19#396

F-44 101#070 2489 4.0 9.62 Z2.01 2.3 .089 14.67 511

F-SJ 18,317

F-14A 51,2P6 100.0 10.0 7.14 18.73 2.6 .187 12.91 1ie

P-3C 1251860

5-SA 6.2,152

INTERMEDIATE LEVEL

A-4M 350971

A-6c 87,564

A-- 159P611 22,801.8 0.0 6.71 11.21 L.T .000

AV-IA 19,396 19,396.0 0.1 2.10 5.00 2.0 .000

F-4J 115,070 491*. 2.0 3.06 4.07 1.5 .008

* F-SJ 18,317

F-14A 11,286 316.2 2.8 1,94 2055 1.3 .007

P-3C 12S6o60

S-3A 60,552
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TABLE 6.23 MAINTENANCE OATA - HORIZONTAL STASZLIZER/ELEVATOR

WORN UNIT COOES

A-4 14611 A-6 14131 A-? 14511 AV-$ 14310 F*4 14310

F-8 1441G F-14 14411 P-3 N/A S-3 14125

ORGANIZATIONAL LEVEL

FLIGHT NA/FH 0.1
A/C HOURS MFHIMA X10-3 MTTR MNH/MA MEN/MA MMH/FH R.R MTSF

A-4M 35.571 1,111.6 0.9 1053 2.52 1.6 .002 9.85 2.?36

A-el 87,564 170.7 5.9 1.97 3.33 1?7 .020 3.19 1!49

A-7E 159,611 4409 2.3 3.22 6.93 Z.2 .016 12.51 530

AV-OA 19.396 1*8.1 6.8 4.22 86.0 z.o .057 5.33 237

P-4J 115,070 29.3 34.1 3.36 6.33 1.9 .216 15.50 46

F-eJ 18.317 194.9 5.1 5.64 12.11 2.1 .062 0800 215

F-14A 51.286 100.6 9.9 4.28 9.93 2.3 .099 9.62 116

P-3C 1zs860

5-3A 60PS52 406.4 205 2096 4.48 1.5 0011 5oo

INTERMEDIATE LEVEL

A-40 35,571 17,785.5 0.1 2.75 4.00 1.5 .000

A-6E 87,564 2,501.8 0.4 13.01 15.8s 1.2 .006

A-TE 159,611 12,277.8 O01 3.22 4.95 1.5 000

AV-8A 19,396 1,939.6 0.5 3.70 6.90 1.9 .004

* P-4J 115,070 1,027.4 1.0 9.96 24.88 2.9 .026

F-8J 186317 9,156.5 0.1 19.00 19.00 1.0 .002

F-14A 51,286 69410.8 0*2 4.06 7.31 1.8 .001

P-3C 125,860

3-3A 60,552 60,552.0 000 0050 0.50 100 .000
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TA$L9 6.24 MAINTENANCE DATA -INSOAIO LEADING EDGE FLAPS

WORN UNIT CODES

IIA-4 N/A A-6 14014 A-? 04710 AV-0 MIA P-4 14910

*F-4 14611 P-14 14611 P-1 "/A S-3 14722

ORGANIZATIONAL LEVEL

FLIGHT MA/FM 0.1
A/C HOUNS MFHUMA XIO-3 MTTR 1MM/IMA MEN/MA MMH/cH R*R MTSF

A-4M 35,571

A-6E 67,564 216.9 4,,6 3.46 7.54 2.2 .034 5.69 284

A-7E 159,611 436.1 It.3 3.36 J1065 2.0 *CIS 10.32 545

AV-$A 19,396

F-4J 115,070 130.5 70? 2.26 4.06 1.8 .031 1046z 209

F-8J 18#31? 339*2 2.9 2.4 5.679ea 2.4 .017 796

F-14A 51#266 233.1 4.3 1.04 3.39 1.8 .015 3o12 296

P-3C 125#660

S-3A 600,52 796.7 1.3 2.82 5.35 1.9 .007 0.70 1#442

INTERMEDIATE LEVEL

A-4N 35,571

A-6E 87,564 3,807.1 0.3 7.60 11.02 1.4 .003

*A-TE lV9#611 7,600.5 0.1 5.91 6.71 1.1 .001

IAV-6A 19,396

F-4J 115,070 89851*5 0.1 5.50 9.86 1.1 .001

F-Si 16,317 18,317.0 0.1 0.50 0.50 1.0 .000

F-14A 51,286 51,2866.0 0.0 1.00 1.00 1.0 .000

P-3C 125,060

S -lA 60#552
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TABLE B.21 MAINTENANCE DATA - OUTBOARD LEADING 1061 FLAPS

WORK UNIT CODES
NIA A-6 N/A A-? 14720 AV-$ NIA F-4 NIA

P-8 14612 F-14 14612 P-3 N/A S-D MIA

SOGANIZATIONAL LEVEL* FLIGHT NA/FH 
0#1

A/C HOURS MFHGMA X1O-3 NTTR MNH/MA MINI/A NMH/FH X+R NTIP

A-4M 353,71
*I A-GE 67,564

A-?E 159,611 430.2 2.3 3.61 7.60 2.1 .018 12.46 545

AV-$A 19#396

F-4J 115,070

F-0J 16,317 482.O 2.1 4o17 10.15 234 *021 NSO 10G18
F-14A 51P26 10192.7 0.8 2.96 6.29 2.1 .005 9.86 ZP964

"P-3C 125,860

S-3A 60,552

INTERMEDIATE LEVEL

A-4M 35P,71

A-6E 87v,564

A-?E 159,611 6,939.6 0.1 5012 8.35 1.6 .001

AV-$A 19P396

F-4j 1153070

$F-8j 16,317 6,105.? 0.2 1.00 1.50 1.5 .000F-14A 5i,*216 25,643.0 0.0 1.75 1.73 1.0 .000

P-3C 125,860

S-3* 60,552
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YAILI 6.26 MAINTENANCE D~fA RmAXI.ING EDGE FLAPS

WORK UNIT CODES

h4 14511 A-6 MIA A-? 14730 AV-$ 14510 F--## 14540

P-8 1471A 0-.t6 14614 P-3 1491L S-3 1441C

ORGANIZATIONAL LEVEL

FLIGHT NA&/PH0
HOR O~im F48MA XI0-3 PTTR MMH/MA MNI/MA NMHIFH R.Rt Mm1

A.~ 350571 1*016.3 I.0 Z096 0.07 2.1 .006 4.60 1#872

A-l 7,564

A-?* 1599,611 246.7 4.1 2.69 5.30 Z.o 002!. 6.16 394~

£V-$A 19t396 192.0 5.2 2.67 5.01 1.9 .020 5.00 431
F-4J 115,070 67.3 14.9 3.41 7.0? 2.1 .101 10.34 96

F-6J 16,317 402.0 2.1 2*92 5.06 1.7 .010 10.00 591

F-14A 51,288 603.4 1.7 2.91 5.85 2.0 .010 5m92 950

P-3C 1,25P860 1.15.3 0.7 I1.99 3.75 1.9 .033 28.00 193

S-1* 60DSS2 1p009.2 1.0 ýi.86 10.05 1.7 .010 6.00 1,442

INTERNlEDIATE LEVEL

4 -4M 35.571 7,114.2 0.1 0.54 0.54 1.0 .0000

A-6E 87-PS64

A-?S 11,99,0611 4,p96?97.8 0.2 4 * 0 6.61 1.3 .001

AV-SA 1904ý6 2,77?0.9 0.4 11.1~1 15,49 1.4 .006

F-4J kl1,,07 865.2 1.2 5 .64 7.12 1. 3 0008

F-84 18#317 9,158.5 0.1 1.'10 1.90 1.0 .000

F-14A 51#286 8,547.7 0.1 S.:17 14.17 1.7 .00Z

P-3C 125PS60 139732.5 0.1 14.60 18.76 1.3 .001

S-3A 60,552 8,650.3 001 19e93 3Z*21 1.6 .004
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.YASLE 6.27 MAINTENANCE OATA - AILEIRO

WORK UNIT COOES

SA-4 14211 14212 A-6 N/A A-? 14220 AV-$ 14110 F-4

14210 F-8 14211 14212 F-14 N/A P-3 14l21A S-3 14320

ORGANIZATIONAL LEVEL

FLIGHT MAYFH 0.1
A/C HOURS MFHSPA XIO-3 MTTR MPH/MA MEIN/MA MHI/FH R+R MTSF

A-4M 395571 140.0 7.1 1.78 3.04 1.7 .022 2.48 229

A-6E 87#564

A-7? 1590611 560.0 1.8 2.08 3.92 1.9 .00? 4.81 779

AV-SA 19,396 373.0 2.7 2.59 5.04 1.9 .014 8.50 524

F-4J 115D070 66.3 14.6 3.46 ?.22 2, .o106 6.63 103

F-8J 16,317 86.8 11.5 4.04 6.74 2.2 .101 6.80 110

F-14A 51,206

P-3- 125P860 715.1 3.4 2.11 4.06 1.9 .006 12.30 912

S-3A 60#552 680.4 1.5 2o42 3,90 1.6 .006 665

INTERMEODIATE LEVEL

*A-4M 39571 613.3 1.6 5.07 5.99 1.2 .010

A-68 87,564

A-7?E 159,611 17,734.6 0.1 5.67 6.00 1.1 .000

AV-8A 19,396 19,396.0 0.1 3.20 6.50 2.0 .000

F-4J 1150070 7Z2.3 1.4 10.39 17.34 1.? .024

* F-eJ 18,317 254.4 3.9 28.75 43,73 1.5 .172

F-14A 51,Z86

P-3C 12S,860 31,465.0 0.0 35.05 38.80 1.1 .001

S-3A 60#552

1 6-88
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TAILE 6.21 MAINTEN4ANCE DATA - UDOlE

WORK UNIT CODES

A4 14711 A-6 MIA A-? 14*10 AV-$ 14210 F-4 14410

F-I 14312 F-14 14311 p-3 NIA S-3 K/A

ORGANIZATIONAL LEVEL

FLZBIT NA/PM 0* 1

A/C HOUR NMUHNA XIO-3 MTTP NMI/NA MNI"/A NMIFH/ R*l M7SF

A-4M 35,571 2#223.2 0.4 0.93 1.21 1*3 .001 3,234

A-6l 17,504

&-?1 159,011 345.5 2.9 3.56 704~0 2.0 .020 5.39 423

AVSA6 19#3916 103.2 9.7 2.61 4.002 185 .009 2.35 23*

F-4J 115.070 174.3 so7 3.94 I.s7 2.2 .049 13.33 219

F-GI 140317 436.1 2.3 3.29 7.10 2.2 .016 462

F-14A 91,066 463.1 2.1 5.00? 10091 2.2 .023 7.00 900

P-SC 125,660

* - S-3A 60#552

IN4TERMEDIATE LEVEL

A-4N 35,571 35,071.0 0.0 0.50 0.50 1.0 .000

A-6E 67,564

A-73 159,611 10,640.7 0.1 12.06 21.76 1.? .002

AV-6A 19,396 Z,15je1 0.5 3.47 3e49 l.1 .002z

F-,'J 115,070 2@997G1 0.4 3.49 4.24 1.2 S002

F-SJ 16P31?

F-14A 51,266 25,643.0 0.0 13.50 27.00 2.0 .001

* P-3C 125.6460

S-IA 60,552

* 691
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TABLE 6.29 MAINTENANCE DATA - SPOILER ASSEMBLY

WORK UNIT CODES

A-4 14A11 A-6 NIA A-? 14311 AV-8 N/A F-4 14240

F-0 NIA F-14 14211 P-3 N/A S-3 N/A

ORGANIZATIONAL LEVEL
FLIGHT MAIFH 0+1

A/C HOURS MFHBMA X10-3 MTTR MMH/MA MENIMA MMH/FH R+R MTBF

A-4M 35,571 10546.6 0.6 2.93 5.567 1.9 004 6.e3 4,446

A-6E 87.564

A-TE 159,611 IP612.Z 0.6 2.81 5.23 1.9 .003 9.63 3,325

AV-8A 19#396

F-4J 115,070 349.8 2.9 2.39 4.52 1.9 .013 5.74 521

F-BJ 18.317

F-14A 51P286 1,114.9 0.9 4.18 9.38 2.2 .008 2#964

P-3C 125#860

S-3A 60,552

INTERMEDIATE LEVEL

A-4M 35,571 86892.8 0.1 1.10 1.10 1.0 .000

A-8E 87,564

A-7E 159,611 59503.8 0.2 13.78 17.62 1.3 .003

AV-8A 19,396

F-4J 115,070 4,109.6 0.2 1095 2.35 1.2 .001

F-BJ 18,317

"F-14A 51,286 25,643.0 0.0 3.00 5050 1.8 .000

P-3C 1Z5P860

S-3A 60,552

j 6&94
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TABLE 6.30 MAINTENANCE DATA - PILOT'S STICK ASSEMBLY

WORK UNIT COOES
A-4 NIA A-6 14211 A-? 14111 AV-$ 14411 F-4 1411

F-8 14111 F-14 5771A P-3 N/A S-3 5736A

ORGANIZATIONAL LEVEL
FLIGHT MAIFH 0.1

A/C "OURS MFNHBA X10-3 MTTR NMHiMA MEN/MA MMNH/FN RR NT8F

A-4M 35,371

A-6E 817,64 353.1 2.8 2.40 4.06 1.w 7 012 4,T9 030

A-7E 159,611 29863 3.4 1.26 1.96 1.6 *007 1.91 706

AV-8A 19,396 643.3 1.2 2.06 3.1? 1.5 .004 4.75 3#679

F-4J 115#070 411.0 2.4 1.51 2.64 1.8 9006 2.55 1,555

F-vJ 18#317 Z29.0 404 1.47 5.31 3.6 .023 7.50 IZ21

F-14A 51,Z86 51,286.0 0.0 0.50 0.90 1.0 .000 t.7$ 510286

P-3C 1Z5,660

S-3A 60#552 550.5 1.8 2.61 4.02 1.5 .007 5.Z9 Z,3z9

INTERNEOiATE LEVEL

A-4M 35P571

A-6E 87,564 1,751.3 0.6 Z.93 5.64 1.9 .003

A-7E 159,611 862.8 1.2 3.63 3.92 1.1 .005

AV-IA 190396 1,492.0 0.7 1.55 2.15 1.4 .001

F-4J 115,070 2,301.4 0.4 3.27 4.39 1.3 .002

F-8J 18.317 3,663.o4 0.3 4.00 4.40 1*1 .001

F-14A 51,286

P-3C 125,860

S-3A 60,552 2#162.6 0.5 2.0z 2.Z7 1.1 .001
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TABLE 6031 MAINTENANCE OATA - APPROACH POWEi COMPUTER

WORK UNIT CODES

A-4 N/A A-6 NIA A-? 29C26 AV-$ N/A F-4 Z9CIN

F-8 ZqC73 F-14 29C31 P-3 NIA S-3 NIA

ORGANIZATIONAL LEVEL

FLIGHT MA/FN O*I
A/C HOURS MFHlNA X10-3 MTTR MMHiMA MENIMA MMH/FH R.R HTIF

A-4M 35,571

A-6E 87,564

A-71 159,611 175.4 5.7 1.33 2.67 2.0 .015 Z.16 Z26

AV-BA 19,396

F-4J 115,070 347.6 Z.9 2.9z 6.32 Z.2 .016 4.7? 466

"" F-IS 18,317 26.? 34.9 1.43 Z.66 1.9 .093 2.17 33

F-14A 51,266 ?Z.3 13s6 1.59 3.46 Z.2 .041 2.30 1L7

P-3C 125,660

S-3A 60,552

35INTERMEOIATE LEVEL,

A-6E 67,564

A-7? 139,611 763.7 1,3 5.91 6.9O 1.2 .009

AV-SA 19,390

F-4J 115,070 1,027.4 1.0 4.66 6.Z0 1.3 .006

F-SJ 16,317 72.4 13.8 3.65 4.?9 1.2 .066

F-14A 51,266 126.9 7.9 4.78 6.99 1.5 .055

P-3C 1259660

SS-3A 60,552

6.100
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TABLE 6.32 MAINTENANCE DATA - THROTTLE QUADRANT

WORK UNIT CODES

A-4 29315 A-6 29313 A-7 29311 AV-$ 29117 F-4 Z9313

,F- 29310 F-14 29322 P-3 N/A S-3 N/A

ORGANIZATIONAL LEVEL.

FLIGHT HA/FH 0+1
A/C HOURS MFH&MA X10-3 MTTR MPH/NA MENIMA MMH/FH R*R MTBF

A-4M 35,571 1,317.*4 0. 2.83 5.16 1.6 .004 2,P36

A-6E 67,564 278.0 3.6 4.61 6.39 1.6 .030 6.62 564

A-TE 19p611 593.3 1.7 1.43 2.59 1.6 .004 13.25 1,308

AV-OA 19,396 2,770.9 0.4 5.21 9.71 1.9 .004 3P879

F-4J 115,070 192.1 5.2 3.21 7.04 2.2 .037 5,03 358

F-6J 16,317 105.3 9.5 1.76 3.50 2.0 .033 165

F-14A 51PZ66 172.1 5.6 5,08 10.29 2.0 .060 10.09 395

P-3C 1z2860

S-3A 60,552

INTERMEDIATE LEVEL

A-4M 35,571 35,571.0 0.0 1w50 2.50 1.7 .000

&-6E 67,564 142.1 1.3 3.60 5.15 1.4 .007

A-TE 159,611 53,203.7 0.0 3.43 7.10 2.1 .000

AV-$A 19,396

F-4J 115,070 532.7 1.9 1.11 1.52 1.4 .003

F-eJ 18,317 18,317.0 0.1 4.00 4.00 1.0 .000

F-14A 51,266 1,424.6 0.7 6.78 8.80 1.3 .006

P-3C 125,860

S-3A 60,552

Wd~fWOUNM42 , 7=71
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71"..mcw•

TASLE 6.33 MAINTENANCE OATA - CAGIN TEMP CONTROL

WORK UNIT CODES

A-4 411Z6 A-6 N/A A-? 41134 AV-$ 41126 F-4 4111J

F-6 N/A F-14 41192 P-3 41156 S-3 4113F

ORGANIZATIONAL LEVEL
FLIGHT MA/PH Cox

A/C HOURS "FPHMA X10-3 MTTR MMNHMA MENIMA MMH/FH R*R ATOF

A-4M 35,571 1
D

2Z 6
.6 0.8 3o63 5*53 1.5 .005 14.15 4,446

A-6E 87,564

A-7E 159,611 362.8 2.8 2.28 3949 1.5 .010 3.12 1,017

AV-8A 19,396 346.4 2.9 Z.14 3.42 1.6 .010 Z.09 776

F-4J 115,070 1,955.0 0.6 1.06 1.57 1.5 *001 3.05 ,2Z19

F-8J 186317

F-14A 51,286 576.2 1.7 2.06 4.29 2.1 .007 5.74 1,699

P-3C IZ5,860 1,057.6 0.9 1.06 1.53 1.4 .001 1.52 2,997

S-3A 60,592 469.4 2.1 1.55 2.40 1.6 .005 3.03 1,593

INTERMEDIATE LEVEL

A-4M 35,571 11,657.0 0.1 0.6? 1.33 2.0 .000

A-6E 87,564

A-?E 159,611 877.0 1.1 4.95 5.26 1,1 .006

AV-eA 19,396 881.6 1.1 0.55 0.55 1.0 .001

F-4J 115,070 5,230.5 0.2 3.65 5.78 1.6 .001

F-8J 18,317

F-14A 51,286 1,554.1 0.6 5.52 7.81 1.4 .005

P-3C 125,860 2,927.0 0.3 0.54 0.68 1.3 .000

S-3A 60,552 4,657.8 0.2 1.08 1.23 1.1 .000
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TABLE 6.34 MAINTENANCE DATA - GENERATOR CONTROL/SUPERVISORW PANELS

WORK UNIT CODES

A-4 NiA A-6 42191 A-? 42216 AV-$ N/A F-4 4212?

F-8 4ZZ2C F-14 421Z4 P-3 4LI13 S-3 42114

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0+1
A/C HOURS MFHBMA X10-3 MITA MMH/MA MEN/MA MMNlFH R+R MT8F

A-4M 35,571

A-6E 87,564 86.8 11.5 1.51 2.50 1.7 .029 Z.20 z80

A-?E 159P611 191.8 5.2 1.76 3.18 1.6 .017 z.19 410

AV-SA 19,396

F-AJ 115,070 920.6 1.1 2.91. 7.12 2.4 .008 3.q3 1,514

F-e8 18,317 369.7 2.6 5.39 11.02 20 0oz8 7.22 107?

F-14A 51,Z86 1,554.1 0.6 1.32 Z.qZ 2.2 .002 1.60 4,662

P-3C 125,660 285.4 3.5 1.39 2.05 1.5 .007 1.75 608

S-3A 60,552 107.0 9.3 1q62 2.57 1.6 .024 3.73 252

INTERMEDIATE LEVEL

A-4M 35.571

A-6E 87,564 246.7 4.1 3.42 4.39 1.3 .018

A-7E 159P611 34?.0 2.9 4.0? 5.59 1.4 .016

AV-8A 19,396

F-4J 115,07C 1,475.3 0.7 4.38 5.40 1.2 .004

Fe-, 16,317 964.1 1.0 9.74 1,.19 1.2 .012

F-116A 51,286 25,643.0 0.0 2.50 3.00 1.2 .0000

P-3C 1Z5,861) 524*4 1.9 6.02 7.55 1.3 .014

3-3A 60,552 350.0 2.9 3.61 6.14 1.7 .018
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TABLE 6.39 MAINTENANCE DATA - INTERNAL LIGHT CONTROL PANFL

WORK UNIT CODES

A-4 44Z31 A-6 44ZZ2 A-7 44231 AV-8 44121 F-4 44111

44121 F-a NIA F-14 44XI1 P-3 NIA $-3 N/A

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 
0MI

AIC HOURS MPFHBMA X10-3 MTTR MMH/ MM EN/MA MMHIH R÷R NTBF

A-4• 39P971 144.0 6.9 1.42 2.38 1.? .017 1.33 %82

A-6E 87,564 1,412.3 0.7 1.01 1.37 1.4 .001 1.32 20189

A-7E 159,611 1,023.1 1.0 2.00 3.32 1.7 .003 4.44 ZD57
4

AV-sA 190396 775•8 1.3 1.64 2.26 1.4 .003 2,771

F-4J 115,070 114.4 8.7 1.2Z 1.91 1.6 .017 1.00 163

F-8J 18,317

F-14A 51,286 246.6 4*.1 2.27 5.48 2.4 .022 3.27 327

P-3C 125,860

S-3A 60,55Z

INTERMEOIATE LEVEL

A-414 35,571 320.5 3.1 3.45 4.75 1.4 .015

A-6E 87P564 7,297.0 0.1 3.96 4.54 1.1 .001

A-7E 159,611 4,836.7 O.z 4.80 4.92 1.0 .001

AV-8A 19#396

F-4J 115,070 16,438.6 0.1 2.64 3.21 1.2 .000

F-6J 18,317

t F-14A 51,Z26 309.0 3.2 3.958 5.89 1.6 1019

P-3C 125,860

S-3A 60,952

t;I113.
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TABLE 6.36 MAINTENANCE OATA - WING TIP/PORMATRON LIGHTS

-,ORK UNIT CODES

A-4 44111 A-6 44115 A-? NIA AV-$ N/A F-4 44232

F-8 N/A F-14 44113 P-3 44127 3-3 44121

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 041A/C HOUNI MFH8MA X1O-3 ATTR MMH/MA MEN/MA MMH/FH 0+R MTBF
A-4M 35,571 238.7 4.2 1.07 1.74 1.6 .007 1.82 256
A-6E 87,564 145.9 6.9 1.56 2.33 1.9 .016 1.00 206

A-TE 159,611

AV-8A 19,396

F-4J 115,070 119.6 8.4 1.57 2.69 1.7 .022 2.99 135

F-8J 18,317

F-14A 510,06 137.1 7.3 1.058 3.05 1.9 .02z 3.66 194
P-3C 12,60 6200. 1.6 0.9? 1.23 1.3 .002 0.75 673
S-3A 60,552 104.9 9.5 1.68 2.8o 1.? .027 4.02 141

INTERMEDIATE LEVEL

A-4N 35,571 350571.0 0.0 0.00 0.00

A-OE 67,564 21#891.0 0.0 2.43 2.43 1.0 .000

A-7E 159,611

AV-SA 19,396

F-4J 119,070 19,178.3 0.1 3.42 4.17 1,.2 .000

F-@J 18,317

F-14A 51,206 3 D4 1 9 .1 0.3 4.60 5.67 1.2 .002

P-3C 1258,60 62,930.0 0.0 2.25 3.00 1.3 .000

3-3A 60,552 1,892.3 0.5 2.83 4.11 1.5 .002
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TASLE 6,37 MAINTENANCE DATA - ANTI-COLLISION LIGHTS

WORK UNIT CODES

A-4 44115 A-6 NIA A-? MIA AV-0 44212 F-4 44224

F-8 NIA F-14 44140 P-3 44116 S-3 44151

ORGANIZATIONAL LEVEL

FLIGHT MAIPH 0$1
AIC HOURS MFHIMA XIO-S MTTR MHMINA MINIMA RMNIFH R+R NTIF

A-4M 3 ?9571 120.6 8.3 0.96 1.49 1.5 .012 1.06 1#4

A-6E 6T,064

A-YE 199,611

AV-8A 19,396 6t°4 16.0 1.33 2.47 1.9 .040 1.8 104

F-4J 119,070 326.9 3.1 1.37 I.1s 1.6 .007 0.63 429

F-eJ 18,317

F-14A 51#206 22.4 44o6 1.57 3.17 2.0 .141 1.66 26

P-3C 125,860 129.8 7.7 1.00 1.30 1.3 .010 1.26 136

S-IA 60,592 68.3 19.3 1.31 2.06 1.6 v032 1.72 91

INTERMEOIATE LEVEL

A-4P 350371 164.7 6.1 3.3l 4.21 1.3 .026

A-6E 87,364

A-YE 1599611

AV-SA 19,396 134.7 7.4 3.75 4.74 1.3 .035

F-4J 113,070 115,070.0 0.0 1.00 2.00 2.0 .000

F-SJ 16,317

F-14A 512586 967.7 1.0 5.99 7.68 1.3 .008

P-3C 125,880 601.7 1.z 2162 3.29 1.3 .004

S-3A 60,S52 204.6 4.9 3.43 4.25 1.2 .021
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TABLE 6.38 MAINTENANCE DATA -TAIL POSITION LIGHTS

WORK UNIT CODES

A-4 44113 A-6 N/A A-? 44115 AV-6 44211 F-4 44223

F-0 N/A F-14 44111 P-3 44124 5-3 44132

ORGANIZATIONAL LEVEL

FLIGHT MA/FM 0.1

A/C HOURS MFHBMA Xl0-3 MTTR MMWIMA MEN/MA MmH/FM R+R MTSF

A-41¶ 35,571 231.0 4o3 1.64 2.76 1.? .012 1.49 294

A-6E 87.564

A-?E 159,6i1 311.7 3.2 1.13 1.94 1.7 .006 2.00 340

AV-SA 19,396 167.2 6.0 0.66 1.06 1.3 0006 16

F-4J 115.070 280.7 3.6 2.03 3.50 1.7 .01k 547

F-8J 18,317

F-14A 51.286 96.4 10.4 1.92 4.02 2.1 s042 2.42 123

P-3C 125v860 487,6 2.0 1116 1.63 1.4 .003 9.00 536

S-3A 60,552 1,-187.3 0.8 1.80 2.97 1.7 .003 1,P442

INTERMEDIATE LEVEL

A-4M 35,571 7,114.2 0.1 0.80 1.00 1.3 .000

A-6E 87,564-

*A-7E 159,611 79,805.5 c.0 1.75 2.75 1.6 .000

AV-SA 19,396

F-4j 115,070 38,356.7 0.0 3.67 4.1? 1.1 .0000

F-aJ 16,317

F-14A 51.286 2*442.2 0.4 1.19 1.86 1.6 .001

P-3C 125,860

S-lA 60,552 30,276.0 0.0 1.50 3e50 2.3 .0000
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TAILE 0.39 MAINTENANCE DATA - RESERVOIm(PC OR FLT CONTROL)

WOOK UNIT COOSS

A-4 N/A A.-6 N/A A-.? 45213 AV-S 45112 F-4 4512A

F-6 45112 F-14 45112 P-3 451Z1 S-3 4S214

ORGANIZATIONAL LEVEL
FLIGHT MA/FH O.

A/C HOURS MFHSMA X10-3 MTTR NHH/MA MEN/MA MMH/FH R*R TiIF

A-4N 35,571

A-6E 87,564

A-?E 159,611 756.5 1.3 3.01 5.?7 1.9 .008 5.94 Z,046

AV-SA 1o,396 2 ,424.S 0.4 0.98 1.73 1.8 .001 3,233

F-4J 115v,070 1,162.3 o.9 4.55 9.13 2.0 .006 10.SZ 1,627

F-6J 18,317 495.1 2.O 2.05 3*92 1.9 .008 11.00 833

F .- 14A 51,286 462.0 2.2 4*.52 11.08 2.5 .024 6.64 1,047

P-3C 125,860 461.0 2.2 1.s8 3.e5 2.3 .008 2.00 626

*S-3* 60,552 508.8 2.0 Z.67 9.10 1.9 .010 6.76 1,062

"INTERMEDIATE LEVEL

A-4M 35,571

A-6E 87,564

A-TE 159,611 4,836.7 0.2 4.39 5.3 1.3 .001

AV-8A 19,396

F-4J 115,070 7,191.9 0.1 6.99 6.99 1.0 .001

F-9J 10,317 6,105.7 0.2 7.17 7.80 1.1 .001

F-14A 51,286 1,192.7 0.8 9.41 15.49 1.6 .013

P-3C 125.860 41,953.3 0.0 1.33 2.00 1.5 .000

S-3A 60,552 3,784.5 0.3 4.69 6.47 1.4 .002
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'(ABLE o.40 MAINTENANCE DATA -LIQUID OXYGE14 ComVIRTEn

WORK UNIT CODES

A-4 47111 A-6 47111 A-7 47111 AV-$ 47111 F-4 47111
F-8 47115 F-14 47111 P-3 N/A 3-3 1#7111

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 
0+1A/C HOURS MFH6KA X10-3 MYTT "M/MIA MEN/NA MNMI/FH R+R MTSF

A-4M 35,571 163.' 5.5 0.96 1.66 1.7 .009 0.79 296
A-8E 67,564 94.5 10.6 1412 1.61 1.4 .017 1.17 144
A-7E 1599811 255.8 3.9 0.97 1.14 1.2 .004 1.00 315
AY-$A 19,396 312.8 3.2 1.17 1.47 1.2 .005 1.03 373
F-4J 115,070 145.3 69 099 12 14 09 .2 12
F-al 16,317 590.9 107 Z.65 4.23 1.6 .007 10.50 633
F-14A SIP286 15esa 6.3 0.91 1.16 1.3 .007 1.02 206
P-3C 125m860

S-3A 60,552 202.5 4,,9 0.94 1.21 1.3 .006 1.02 378

INTERMEDIATE LEVEL
A-4M 35,571 234.0 4.3 7.56 6.72 1.2 0037

A-6E 87P964 148.2 6.7 3.13 3.63 1.2 .026
A-?E 159,611 334o6 3.0 4.65 4,92 101 .015
AV-6A 19,396 451.1 2.2 14.46 14.64 1.0 .033
F-4j 115P070 151.8 6.6 4.76 5,34 1.1 .035
F-Oi 18,317 3P663.4 0.3 1.80 1.90 1.1 .001
F-14A 51#286 214.6 4.7 3.41 3.53 1.0 .016

S-3A 60.552 376.1 207 4.11 4.52 1.1 .012
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A

TABLE 6.41 MAINTENANCE OATA - M61AI GUN

WORK UNIT CODES

A-4 N/A A-6 NIA A-7 75510 AV-8 N/A F-4 NIA

F-8 N/A F-14 75611 P-3 N/A S-3 N/4

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0at

A/C HOURS MFHOMA X10-3 14TTR MMHIMA MEN/MA MMHIFH R+R MTSF

A-4M 39,571

A-bE 87#564

A-7E 159,611 139.3 7,4 1.97 3.98 2.0 .029 2.92 301

AV-eA 19o396

F-4J 115,070

F-SJ 18,317

F-14A 510Z86 244.2 4.1 2.47 7.64 3.1 .031 5.68 516

P-3C 1z5,860

"S-3A 60,552

INTERMEDIATE LEVEL

A-4M 35,571

A-6E 87,564

A-7E 159,611 691.0 1.4 4.26 5.57 1.3 .008

Aý-SA 19,396

F-4J 115,070

F-8J 18 317

F-14A 51,286 1,768.5 0.6 7.90 12.79 1.6 .007

P-3C 125,860

S-3A 605952
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TABLE 6.42 MAINTENANCE DATA - AMMO DRUM

WORK UNIT COOES

A-4 N/A A-6 N/A A-7 75531 AV-@ N/A F-4 N/A

F-8 N/A F-14 75631 P-3 N/A S-3 N/A

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 
0*

A/C HOURS MFHBMA X1O-3 MTTR MPH/MA MEN/MA MMH/FH R.R MTSF

A-4M 35P571

A-6E 87,564

A-TE 1591611 364.4 2.7 Z.74 6.57 2.4 .018 3.12 536

AV-8A 19P396

F-4J 115,070

F-BJ 18,317

F-14A 51,286 827.2 1.2 5va1 15.65 Z.7 .019 4.02 1,603

P-3C 125,860

S-3A 60,552

INTERMEDIATE LEVEL

A-4M 35,571

A-6E 87P564

A-7E 159,611 476.5 2.1 3.14 4.09 1.3 .009

AV-8A 19,396

F-'.J 115,070

F-8J 18,317

F-14A 51,286 1,554*.1 0.6 2.96 4.62 1.6 .003

P-31' 125,860

S-3A 00,55Z
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TABLE 6.43 MA11NTENANCE DATA - AUXILIARY PflWIR PLANT

WORK UNIT CODES

A-4 M/A A-6 N/A A-? N/A AV-6 N/A F-4 NIA

P-0 N/A F-14 "/A P-3 24210 S-3 24100

ORGANIZATIONAL LEVEL

A/ LIGHT NA/PH 0#1
AC HOURS MFHGAA X10-3 MTTR MN/INA MEN/MA MMMIFN n*m MTBP

A-414 35,571

A-6E 07,564

A-?E 159,611

AW-SA 190396

F-4j 115,070

F-Ij 16,317

F-14A 51,296

P-3C 125#660 
56

S-IA 600552 25.3 39.5 1.73 3.65 Z.1 .144 2.91 66

INTERMEDIATE LEVEL

A-4M 15,571

A-6E 07#564

A-TE 159,011

AV-eA 19,196

F-4j 115,070

F-8j 16,117

F -14A 512866

P-3C 125#660

S-IA 60.552 105.9 9.4 2.40 4.28 1.8 .040

1&11
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""

* TABLE 6s44 MAINTENANCE DATA - EXHAUST GAS TEMPERATURE INDICATORS

WORK UNIT CODES

A-4 51214 A-6 51412 A-? 5111F AV-$ 51221 F-4 NIA

F-8 51541 F-14 51371 P-3 N/A S-3 N/A

ORGANIZATIONAL LEVEL
';"FLIGHT MA /FH Q+ I

A/C HOURS MFH6PA X1O-3 MTTR MMH/MA MEN/MA MMH/FH R.R MTBF

A-:3 35071 MA6.q 1./ 2.73 6.10 2*3 .00? 6*40 3p602

A-1E 87064 147.4 6.8 1.48 2.430 lo .016 1.71 362

A-7E 159,611 239.3 4.7 1.47 2.74 1.0 .011 1070 3?6

AV-8A lQ,3q6 106.1 9.8 1.24 1.91 1.2 1019 1.45 313

F-'.J 115,070

F-OJ 18,317 192.8 5.2 1.64 0.74 1.7 .014 2.09 523

F-14A 51,286 136.4 7.3 1.77 3.180 1.6 .0177 471

P-3C 1250860

S-3A 600,52

t { INTERMEOIATE LEVEL

SA - 4M 350571 2F? 36.2 0.4 1.12Z 1.43 1*3 .001

- A-6E 870564 346.1 2.9 1.73 1.76 1*0 .009

SA-6E 159 611 582.5 1.7 14.0 1.76 1.0 -003

AAV-8A 19 3q6 366.0 .7 0.64 0.75 1*2 .002

,1 •F-4J 115:'070

II! --OJ 18#317 732.7 1.4 0.65 0.73 1".1 "001

r'lIF-14A 51,~eb 312*7 3.2 3.27 Isis 1.6 .017

• l _•P-3JC 125P860

S-n m0 - 5
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TABLE 6.4T PAINTENANCE OATA - FUEL FLOW INDICATORS

WORK UNIT COOES

A-4 91215 A-6 91413 A-? $11181 AV-@ 51313 F-4 51441

F-6 N/A F-14 91341 P-3 51331 S-1 51341

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 
0+1

A/c HOURS MFHSMA X1O-3 MTTR MMHIMA MEN/MA MMH/PF R*R MTSF

A*4M 35PO71 936.1 1.1 1.43 2.44 2.0 .003 1.33 1#694

&-6E 87#564 165.5 6.0 1.31 1.87 1.4 .011 1.52 421

A-TE 1590611 
zoos

AV-$A 192396 265.7 3.8 1.55 Z.43 1.6 .009 2.36 554

F-4J 4 19poo 477.5 2.1 1.79 3.61 z.o .008 1.06 1,009

F-8J 18#317

F-14A 51P266 303.5 3.3 1053 Z.95 1.9 .010 2.10 666

P-3C 125,860 414.0 2.4 1.16 1.46 1.3 .004 1.21 695

S-3A 60,552 126.4 7.9 1.25 l.87 1.5 .015 1.69 1,94

INTERMEDI&TE LEVEL

A-4" 35,571 1,976.2 0.5 1.08 1.74 1.6 .001

A-6E 87,564 387.5 2.6 1.37 1.41 1.0 .004

A-TE 199,611

AV-8a 19,396 681.6 1.1 0.98 1.07 1.1 .001

F-4j 115,070 1,717.05 0.6 1.24 1.36 1.1 .001

F-6J 18,317

F-14A 51,286 617.9 1.6 3.49 5.54 1.6 .009

P-IC 1258660 7560. 1.3 0.46 0.5z 1.1 .001

S-3A 6O,552 651.1 1.5 0.77 0.85 1.1 .001
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TABLE 6.46 MAINTENANCE OATA - FUEL QUANTITY INOICATORS

WORK UNIT CODES

A-4 51415 A-6 51711 A-7 SlLA AV-4 51312 F-4 51844

F-8 5144Z F-14 51521 P-3 51911 S-3 51512

ORGANIZATIONAL LEVEL
FLIGHT MA/FH OI

A/C HOURS MFHBMA X10-3 MTTR MMHIMA MEN/MA MMH/FH Pso MTbF

v A-4M 35P571 317.6 3.1 1.73 3.21 1.9 .010 2.05 539

A-bE 87,564 99.1 10.1 2.28 3.96 1.? .040 3.43 ZT8

A-7E *59P,11 88.0 14.7 Z.62 5,33 2.o .078 4.33 90

AV-8A 19,396 380.3 2.6 1.85 3.00 1.6 .006 Z.76 746

F-4J 1159070 167.7 6.0 5.78 1Z294 2.2 .077 9.76 312

F-8J 18,317 76.6 13.0 2.31 4.04 1.e .053 2.37 96

F-14A 51,286 119.8 8.3 1.98 4.48 2.3 .037 1.89 364

P-3C 1250860 161.6 6.Z Z.40 4.60 1.9 .oz8 2.55 195

S-3A 60,552 354.1 i'.8 1.36 2.27 1.7 .006 2.48 1,408

INTERMEOIATE LEVEL

4-4M 31,571 912.1 1.1 0.65 0.83 1.3 .001

A-6E 87#564 347.5 2,9 1.04 1.09 1.0 .003

A-7E 159061L1 249.8 4.0 3.30 3.47 1.1 .014

AV-8A 19#396 668.8 1.5 1.36 1.87 1.4 .003

F-4J 115,070 846.1 1.2 1.55 2.85 1.8 .003

F-eJ 180317 457.9 2.2 0.98 1.04 1.1 .002

F-14A 51,286 316.6 3.2 3.47 4.01 1.2 .013

P-C 1z5p,860 467.9 2.1 0.95 1.07 1.1 .002

S-)A 60,552 1,636.5 0.6 0.37 0.65 1.1 p000
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TABLE 6.*7 MAINTENANCE DATA - AIRSPEED/PACH INDICATORS

WORK UNIT CODES

A-4 51116 A-6 51111 A-1 51153 AV-$ 51112 F-4 51113

F-8 51131 F-14 51131 P-3 51115 S-3 51112

ORGANIZATIONAL LEVEL
FLIGHT MAIFH 0+1

AIC HOURS MFHSMA X10-3 MTTR MMH/MA MEN/MA MMHIFH R÷R MTSF

A-4M 35,571 336.8 3.0 2.09 4.01 1.9 .012 3.01 671

A-6E 87,564 220.0 4.4 2.44 4.43 1.8 .019 4.12 761

A-TE 159,611 294.6 3.9 1.56 2.66 1.7 .010 1.90 536

AV-8A 19#396 668.8 1.5 1.5z 2.05 1.3 .003 2,38 1POT0

F-4J 115,070 108.7 9.2 1.56 2.78 1.8 026 2.31 276

F-8J 18,317 131.8 7.6 2.64 5.21 2.0 .039 3.35 262

F-14A 31,286 391.5 2.6 1.62 3.44 2.1 .009 2.19 1P251

SP-3C 125P,60 364.8 2.7 2.10 3.65 1.7 .010 2.91 81z

S-3A 60,552 131.1 7.6 1.93 3.27 1.7 .025 2.54 484

INTERMEDIATE LEVEL

A-4M 35,571 846.9 1.2 1.44 Z.24 1.6 .003

A-6E 87,564 951.8 1.1 1.62 1.73 1.1 .002

A-7E 159,611 613.9 1.6 0.82 0.86 1.1 .001

AV-SA 190396 1,616.3 0.6 1.61 3.94 2.5 .002

F-4J 115P070 363.0 2.8 1.28 1.60 1.3 .004

F-8J 18,317 426.0 2.3 1.37 1.70 1.2 .004

F-14A 51,Z86 1,068.5 0.9 2.57 3.47 1.3 .003

P-3C 129,860 1,023.3 1.0 0.59 0.68 1.2 .001

S-3A 60,552 571.2 1.8 0.84 1.04 1.2 .002
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TABLE 6.48 MAINTENANCE DATA - COUNTER DRUM ALTIMETERS

WORK UNIT COOES

A-4 51117 A-6 51118 A-? 3115Z £V-8 51116 F-4 5•11

F-8 51133 F-1'. 51111 P-3 51117 S-3 51113

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0+1
A/C HOURS MFHOMA X10-3 MTTR AMH/PA MENMA MMH/FH ReR MTOF

A-4M 35,571 195.4 5.1 1.72 3.14 1.8 .016 ?.92 387

A-6E 87,564 323.1 3.1 1.35 2.22 1.6 .007 Z.23 461

A-TE 159,611 90.5 11.1 1.36 2.*2 1.7 .025 1.91 193

AV-8A 19,396 200.0 5.0 1.01 1.45 1.4 .007 2.33 259

F-4J 115,070 59.2 16.9 1.41 2.43 1.7 .041 1.86 90

F-8J 18,317 45.6 21.9 1.91 3.26 1.? .072 3.04 78

F-14A 51286 104.9 9.5 1.41 2.60 1.8 .025 Z.04 190

P-3C 125,860 265.0 3.8 1.64 2.79 1.? .011 2.09 557

S-34 60,952 114.7 8.7 1.8Z 3.10 1.7 .027 2.74 276

INTERMEDIATE LEVEL

A-4M 35,071 711.4 1.4 1.40 1.84 1.3 .003

A-6E 87,P64 1,683.9 0.6 0.96 1.13 1.2 .001

A-7E 159,611 357.9 2.8 1.54 1.74 1.1 .005

AV-8A 19#396 1,140.9 0.9 0.81 0.96 1.2 .001

F-4J 1151070 Z79.3 3.6 1.56 2.17 1.4 .008

F-8J 18,317 199.1 5.0 1.45 1.75 1.2 .009

F-14A 51,286 296.5 3.4 1.58 1.92 1.2 .006

P-3C 175,560 817.3 1.2 1.27 1.49 1.2 .002

5-3A 60,55Z 406.4 2.5 1.14 1.33 1.2 .00?

6-152
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TAbLE 6.49 MAINTENANCE DATA - ANGLE OF ATTACK INDICATORS

WORK UNIT CODES

A-4 6g861 A-6 51142 A-? 5)1•41 AV-8 51151 F-4 56861

F-6 51191 F-14 56XIC P-3 51131 5-3 •11Z1

ORGANIZATIO1NAL LEVEL
FLIGHT MA/PH 

0+1
A/C HOURS MFHIMA X10-3 MTTR MMH/MA MENIMA MH/FH R+R MTBF
A-4M 35,571 1,046.2 1.0 1.06 1.59 1.5 .002 1.05 1,976
A-6'E 87,564 84.8 1l.8 1.32 z.Oe 1.6 .025 1.69 192

A'7E 19;.611 61.2 16.0 1.30 2.12 1.6 .034 1.62 114

AV-8A 19#396 19492.0 0.7 1.25 1.66 1.3 .001 2.20 3.879

F-4J 115,070 82.4 12.1 1.45 2.60 1.8 .032 1.68 173
F-8J 159317 52.6 19.0 1059 2.60 1.6 *049 1.86 87

F-14A 51,286 123.0 8.1 1.24 2.41 1.9 1020 1.96 325

P-3C 125P860 198.5 5.0 1.41 2.02 l.4 .010 1.71 307

S-3A 60,552 116.9 8.6 1.46 2.31 1.6 .020 1.90 304

INTERMEDIATE LEVEL

A-4M 35P571 4,446.4 0.2 1.44 2.44 1.7 .001

A-6E 8?7564 222.2 4.5 2.87 3.50 1.2 .016

A-7E 159P611 135.3 7.4 4.25 4.84 1.1 .036

AV-8A 19e396 9P698.0 0.1 6.25 6.25 1.0 .001

F-4J 115,070 174.6 5.7 2.82 3.55 1.3 .020
* F-8J 18,317 88-.1 11.4 3.15 3.78 1.2 .043

F-14A 51,286 264.4 3.8 5.14 5.84 1.1 .022

P-3C 125,860 344.8 2.9 3.61 4.20 1.2 .012

S-3A 60,552 398.4 2.5 1.75 2,09 1.2 .005

6-155
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TABLE 6.50 MAINTENANCE DATA - ANGLE OF ATTACK TRANSOUCER/TRANSMITTIR

WORK UNIT CODES

A-4 N/A A-6 N/A A-7 91142 AV-S 51192 F-4 56865

F-0 51193 F-14 56XID P-3 N/A S-3 51122

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 0.1

A/C HOURS MFHBMA X10-3 MTTR MMMIMA MENINA MMH/FH R*R MTIF

A-4M 35p,971

A-6E 87,564

A-7E 1,590611 114.1 8.8 1.99 3.68 1.8 .03z 2.89 153

AV-8A 190396 269.4 3.7 2.44 3.77 1.5 .014 4.00 388

F-4J 115P070 64.4 15.5 1.81 3.43 1.9 .053 2.03 90

F-BJ 18,317 36.0 27.8 1.93 2.65 1.7 .074 2.13 97

F-14A 51,S86 240.8 4.2 1.68 3.30 2.0 .014 1.96 369

P-3C 1z5,e60

S-3A 60,952 251.3 4.0 Z.34 5.04 2.2 .020 2096 4,19

INTERMEDIATE LEVEL

£-4M 35,9571

A-6E e7,964.

A-IE 1599611 275,7 3.6 Z.41 2.49 1.0 .009

AV-8A 19,396 692.7 1.4 0.33 0.40 1.2 .001

F-4J 11S,070 91.3 11.0 Z.77 3.39 1.z .037

F-@J 3e8,317 104.7 9.6 1.63 1.99 1.2 .019

F-14A 10,286 899.8 1.1 0.90 0.90 1.0 .001

P-3C 1Z•,860

S-IA 60.552 890.5 1.1 0.38 0.39 1.0 .0000

6-158
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TASE e51MAINTINANCE DATA 01PNOTE COMPASS TRANSMITTERS

WaI~ IN1 tlI I ýIuu r

*A4 56XII A-6 "/A A-7 96x11 AV-6 91614 F-4 56X11

F-8 N/A F-14 56462 P-3 NIA S-3 MIA

ORGANIZATIONAL LEVEL

FLIGHT MA/PH0.

A/c HOURS MFMUMA XIO-3 FITTR MMHIMA MEN/MA 1MM/YFH 1.3 MTBF

A-401 35,571 1,693.9 0.6 6.90 14.6? 2.2 .009 6.03 2#371

A-6E 67,564

A-fl, 199,611 665.0 1.5 3.90 7.73 2'.0 .012 4.40 956

AV-dA 19,396 0440es 2.3 7.26 15.39 2.1 .035 8.00 882

F-4J 115.070 179.0 5.6 4.21 9.21 2.z .051 %.36 Z73

F-BJ 16,317

F-14A 51#266 502.8 2.0 3.09 7.22 2.3 .014 5.13 1,068

P-3C 129,660

S-3A 60,592

INTERMEDIATE LEVEL

A-414 350571 2,371.4 0.4 1.04 1.75 1.6 .001

A-6E 61,964

A-7E 1599,611 3,129.6 0.3 1.34 1.34 1.0 .000

AV-eA 19s,396 1,212.3 0.8 0.69 0.80 1.2 .001

F-4J 115,070 590.1 1.T 0.69 0.78 1.1 .001

F-8J 18#317

F-14A 51,286 1,424.6I 0.? 0.75 0.93 1.2 .001

P-3C 125,880

S -3A 60,592

6 lui
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TABLE 6.2 MAINTENANCE DATA - ATTITUDE DIRECTION INOICATOR

WORK UNIT CODES

A-4 N/A A-6 N/A A-? TIXIR AV-@ 51113 F-4 56X14

F-9 51163 P-i4 N/A P-3 73134 3-3 N/A

ORGANIZATIONAL LEVEL

FLIGHT MA/FH 001
A/C HOURS MFHSMA X10-3 MTTr M""/%A MININA MMN/PH R*R MTIF

A-4M 35,571

A-6E 867564

A-?E 159,611 62.1 16.l 1.34 2.59 1.9 .042 1.73 160

AV-8A 19,396 100.5 10.0 1.50 2.75 1.A .027 2.96 187

F-4J 115,070 6,219.3 0.1 0.96 1.62 1.9 .000 4.00 16,439

F-eJ 18,317 64.5 15.5 1.42 2.26 1.6 .035 2.21 105

F-14A 51,2zb

P-3C 125S860 123.6 6.1 1.29 1.91 1.5 .015 1.61 262

S-3A 600552

INTERMEDIATE LEVEL

A-4M 35,571

A-6E 87,564

A-TE 159,611 177.7 5.6 3.10 3.26 1.1 .018

AV-eA 19,396 380.3 2.6 0.53 0.62 l.Z .002

F-4J 115,070

F-8j 18,317 241.0 4.1 1.47 1.58 1.1 .007

F-14A 51,Z86

P-3C 125,860 331.2 3.0 0.13 0.15 1.2 .000

S-3A 60 552

400,
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TAALE o.53 MAINTENANCE DATA - GYPGSCOPE ASSEMBLIES

WORK UNIT COOES

58A-4 651 A-6 56482 A-7 NI'A AV-8 NIA F-4 56X13

F-0 N/A F-1.4 N/A P-3 M7381 S-3 57364

ORGANIZATIONAL LEVEL

FLIGHT MA•/•H 01

A/C HOURS MFH3MA X10-3 RTTR MFHI/MA HEM/MA MMHIFH R+R MTBF

SL-4M 30,571 3 5,57?o0 0.0 2.80 6.90 2.5 .000 35,571

--.6F 87,564 1Z6.0 7.9 1.16 1.78 1.5 .014 1,55 413

"• a-7E 159#611

AV-8A 19,396

F-4J 115,070 19,178.3 0.1 1.33 2442 1.8 .000 3.00 57,035

P-S.J 189317

F-14A 51PZ86

P-3C 125,860 648.8 1.5 2.11 3.40 1.6 .005 2.41 1,187

S-3A 600552 62'Z 16.l 1966 2.82 1.7 *045 2.80 39

INTERMEDIATE LEVEL

A-4M 35,571 35,571.0 0.0 1.00 2.00 2.0 .000

A-6E 879564 315.0 3.2 1.23 1.57 1.3 .005

.- 7E 159,611

AV-aA 19039t~

F-4J 115,070 57,535.0 0.0 1.50 2*30 1.3 .000

F-8J Ia8,3 1.7

F -14A 51,9286

P-3C 125,860 1,176.3 0.9 1.66 1.94 1.2 .002

S-3A 60, 5 52 60.6 16.5 2.28 3.78 1.7 ,062

6-167
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TABLE 6.54 MAINTENANCE DATA - AXR DATA CO0qPUTERS

WORK UNIT CCOES

Ar4 56590 A-6 565A0 A-7 73A61 AV-$ 96990 f- $ 56549

e-8 6sYlY F-14 56XIS P-3 56461 S-3 06711

ORGANIZATIONAL LEVEL
a.!

FLIGHT MA/FH 
0T1

AIC HOURS MFHsMA X10-3 NTT$ NMHIMA MENIMA NMM/FH PN MTSF

A-4" 35,971 329.4 3.0 3.09 6.27 2.0 ,019 '.04 697

A-6S 87,564 473.3 2.1 1.91 3.74 2o0 .006 2.34 10055

A-7E 1590611 36.*4 27.5 1.23 2.16 I.s .060 1.62 82

AV-SA 19,396 50.9 19.6 1.72 3.42 2.0 .067 3.01 96

F-4J 115,070 29.9 33.9 2.44 4.78 2.0 .162 2.87 40

F-UJ 16,317 10%00 5.4 2.07 3.87 1.9 .021 2.52 374

F-14A 918266 326.7 3.1 2.26 ,.94 2.6 .018 3.91 601

P-3C 125re60 1,33869 0.7 1.86 3.00 1.6 .002 2.13 2.096

$-3A 60,952 31.5 31.8 1.25 2.04 1.6 .065 1.88 76

INTERMEDIATE LEVEL

A-4M 35,571 60Z29 1.7 6.31 9.98 1.6 .017

A-6E 87,564 951.8 1.1 5.Q9 9.t4 1.6 .010

A-7E 159,611 77.1 13.0 4.75 5.78 1.2 .075

AV-6A 19,396 87.o 11.4 6.95 9.41 1.J4 .108

F-41J 115.070 39.2 25.5 5.74 8.30 1,4 .2IZ

F-8J 186317 3Z7.1 3.1 1.83 2.26 1.2 .007

F-14A 51,Z26 657.5 1.5 3.86 4.57 1.2 .007

P-3C 1Z9,860 29677.9 0.4 1.39 1.5Z 1.1 .001

S-3A 60,552 66.9 1409 3.57 6.05 1.7 .090

6-171
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TAOLE 6.55 MAINTENANCE DATA - AFCS COMPUTERSIAmPLIFpEkS

WORK UNIT CODES
A-4 57512 57514 A-6 N/A A-? ?M757 5?576 97577 AV-a
57890 F-4 NIA F-8 57&A4 576C3 F-14 57711 17712 57713
P-3 5738H S-.3 571?

ORGANIZATIONAL LEVELFLIGHT MA/FH 
0+1A/C HOURS HFHBMA X10-3 MTTR MNHINA MEN/MA MMH/FH R+R MTBF

A-4M 35,571 1,482.1 0.7 3.17 6.19 2.0 .004 ý.75 1P976
A-6E 8,564

A-7E 159P611 31,3 31.9 1.57 3.08 2'*0 .009 1.93 46
AV-8A 19#391 31.2 32.1 2.23 4.53 2,O ,145 2.68 49

F-4J 115,()70
F-8J 18,317 30.z 33.1 1.81 3.29 1.b .109 2.36 44
F-14A 5 1P,8t 51,ZE6.0 ide 1190 3.00 20 .0000 3.34 3#205
P-3C 125P860 305.5 3.3 1.91 3.04 1,6 .010 2.85 559
S-3A 60#552 26.6 37.6 1q62 2.78 1.7 .i0s 2.63 76

I NTERPFDI ATE LEVEL
A-4M 35,571 1,422.8 0.7 300 46.05 1.3 .003

A-6E 87,564
A-TE 159,611 74.2 13.5 '.53 5.2Y 2. Z .071

AV-8A 199396 63.2 15.8 4.39 6.35 1.4 .101
SF-4J 115,070

i-8J 18,317 14.5 10.3 5.44 7.35 1.4 .135
F-14A 51,ze6 3.01O,8 0.3 6o5 8.29 1.2 .003
P-3C 1250860 452.7 2.2 7.26 8.39 1.z .019

- S-3A 605,3Z 6693 151 5.69 8.41 1 .1Z7

fi 1/4

;ii


